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Kofthem Distriti of New- York, to wit :— 

BE it remembered, that on tlie sixteenth day of July, Anno Domini, 
1832, Tobias Ostrander of the said district, hath deposited in 
this office the title of a book, the title of which is in the words ioUowing, 
to wit : 

The Planetarium and Astronomical Calculator, containing the Distaa- 
ces. Diameters, Periodical and Diurnal Revolutions of all me Planets in 
the Solar system, with the Diameters of their Satellites, their distances 
from, and the periods of tKoi^ ii<^*wi»AauAAB «uuuiia ineir respective Prima- 
ries ; together with the method of calculating those Distances, Diameters 
and Revolutions ; and the method of calculating Solar and Lunar Eclipses ; 
being a compilation from various celebrated authors, with Notes, Exam- 
ples and Interrogations ; prepared for the use of Schools and Academies. 
By ToAiAS Obtrandbr, Teacher of Mathematics, and author of the 
Elements of Numbers, Easy Instructor, Mathematical Expositor, &c. 

"Consult with reason, reason will reply, 

"Eaeh lucid point which glows in yonder sky, 

*' Informs a system in the boundless space, 

''And fills with -glory its appointed -place; 

>''With beams unborrowed brightens other skies, 

**And worlds, to thee unknown, with heat and Ufa supphes." 

The right whereof he claims as Compiler and Proprietor, in confor- 
ity with an act of Congress, entitled an Act to amend the several Acts 
respecting Copy Rights. 

RUTGER B. MILLER, 
Clerk of tht Jf^^i^m ZH$trict of New-York. 
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PREFACE. 

■i 
Ik pres^ting the following pages to the public, I will 
briefly r^oda^rk, that the pec^le generally are grossly 
ignorant in the irqportant and engaging science of As- 
tFOncmiy. Sparcely one in a county is found capable 
of ctJcula ting wiHi exa^ctness^ and accuracy the precise 
time of an ecli{^e^ or conjunction and opposition of the 
Sun aad Moon. Is i^ for lack of abilities ? No. — 
There are no peq^le on the su«:&ce of this terraqueous 
^ohe> who possess bettern$itural facui^es of acquiring 
knowledge of any desqriptioj^, than those who inhabit 
the Unitad States of America* In this land oi liberty, 
much has been done, and much still reniains to be 
done, for the benefit of the rising generation. Schools, 
AcadeBftieis and Cdlc^es have been erected, for the 
purpose, of ^cilitating, and extending information and 
inpt^'^^f^t^i^ ^Tnqng ^)| e you fluaLJihis delightful section. 
Gentl^^en possessmg the most profound abilities and 
acquirements, ha^e engaged in the truly laudable em- 
ployment of disseminating a knowledge of all the scien- 
ces; both of useful and omameAtal description* Still this 
branch of the Mathematical science, called Astronomy, 
haS:beenalnK)st totally neglectedj especially among the 
oen^mon people. From what source has this origina- 
ted 1 1 answer^ from a scarcity of books, well cdcij- 
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lated to give tiic necessary instruction. Though thcr« 
are many productions possessing merit, and are of 
importance to the rising generation, yet they are defi- 
cient in the tables necessary for the calculation, and 
protraction of eclipses. The works of Ferguson, ISa- 
field and others, from which this is principally com- 
piled,'' contain all that is necessary ; but the expmse 
renders them beyond the means of many, who perhaps 
posses the best abilities in our land. Extensive vol- 
umes are not well calculated for the use of Schoote ; 
for ft S tudent tb ttnder the necessttv of reading fto^ much 
unessential, and uninteresting matter, that the ess^ice 
is lost, in the multiplicity of words ; and for these rea- 
sons, many of the teac^rs have neglected this useful, 
and important branch of the Mathematical science. I 
have long impatiently beheld the ev3, witiumt an op- 
portunity of jproviding a remedy, until the present 
period. 

1 now present to this enlightened community, a 
volume within the means of almost every ^rson ; con- 
taining all the essential parts of Astronomy, adapted 
to the use of Schools and Academies ; made so plain 
and easy to be understood, that a lad of twelve years 
of age, whose knowledge of Arithmetic extends to the 
.single rule of proportion, can, in the short spietce of oAe 
or two weeks, be taught to calculate an eclipse ; and 
many possessing riper years, from the precis and 
examples given in the work, win be found capable of 
accompli$hing it, without the aid of any other teach#r. 
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The tables, (with the exception of two,) I hare 
wholly calculated, and then duly compared them with 
those of Ferguson. Great care has also been taken, 
to present the work to the pubUc, free from errors. 

Should the following pages meet the approbation of 
a generous and enhghtened community, and be the 
means of ext^iding the knowledge of this important 
branch <^ Education; not only to the rising generation, 
but to those of maturer years, the CompUer, whose 
hest al^lkies have httihfixto been employed in endeav- 
effing to meliorate the condition of man, by improving 
the mind and enlightening the understanding, will have 
the suUime satisfaction, of removing some of the 
shackles erf* ignorance, and building up a fund of useful 
and mteresting knowledge upon its ruins. 

THE COMPILER. 
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SECnOTT FIRST. 

OF AJSTROXOMY O GENERAIi. 

Of all the sciences cpltivated by mankind, Astron-- 
pmy is acknowledged to be, and undoubtedly is, the 
most sublimie,- the most interesting, and the most use- 
ful. By the knowledge derived from this scieQpe, not 
only the magnitude of the earth i& discovered, the sit- 
nation and extent of the Ctountries and Kingdoms as- 
cert^ins^d^ trade and commerce carried on to the re- 
motest parts of^he t rorid> oiid tho y i irioqs products <tf 
several countries distributed, for the health, comfort 
and conveniency of its inhsdbitants ; but pur very fitcul- 
ties are enlarged, with the grandeur of the ideas itccm- 
veys, our minds exalted above the low contracted pre- 
judices of the vulgar, and our understandings clearly 
convinced, and affected with the conviction,*of the ex- 
istence, wisdom, power, goodness, inmiutabiUty, and- 
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8 Of Astronomy in GefW*al. Sec* 1. 

supcrintendency of the Supreme Being, So that 
without any hyperbole, every man acquainted with 
this science, must exclaim with the immortal Dr. 
Young : " An undevout Astronomer is mad." From 
this branch of Mathematical knowledge, we also learn 
by what means, or laws, the Almighty Power and 
Wisdom of the Supreme Architect of the Universe, 
are administered in continuing the wonderful harmony, 
order and connexion, observable throughout the plan- 
etary system ; and are led by very powerful arguments, 
to form this pleasing and cheering sentiment, that 
minds capable of ^uch deep rcscaK^ljues, not only derive 
their origin from that Adorable Being, but are also 
incited to aspire after a more perfect knowledge of 
his nature, and a more strict conformity to his will. 

By Astronomy we discover, that ttie earth is at so 
great a distance from the stui, tint if seen from thence, 
it would appear nb^ larger ilian a potfft ; although its 
diameter is knoWn to be nearly 8,6 W miles : yet that 
distance is so small, compared with the earth's distance 
from the fixed s£ars, that If the orbit, in which thcj 
earth moves round the sun, were solid, and seen from 
the nearest star, it would likewise appear no larger 
than a point; although it is at least 190 millions c^ 
miles in diameter; for the earth in going round the 
6un, is 190 millions of miles nearer to some of the 
stars, at one 'time of the year than at toother ; and yet 
,their apparent magnitudes, situations, and distances 
still remain the same ;and a telescope which magnifies 
*ove 200 times, does not sensibly magnify them ; 
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Sec I Q)f Aitranomy in Chnerai. 9 

which proves them to be at least, one hundred thou- 
sand times further from us, than we are from the sun. 

It is not to be imagined, that all the stars ara placed 
in one concave surface, so as to be equally distant from 
us; but that they are placed at immense distances 
from one another, through unUmited space, so that 
there may be as great a distance between any two 
wa^Ux^ring stars, as between the sun from which we 
reQeive our %ht, and those which are nearest to him. 
Thfirefoce^ an observer who is nearest any fixed star, 
will look upon it alone as a real sun ; and conaidor the 
ve$t^ somany shimng pdintsr, placed at equal distances 
£r<pi him in &e firmanient. 

By the hefy of telescopes, we discover thousands of 
stars whioh are entirely invisible, without the aid of 
swh instnanents, and the b^ter our glasses are, the 
n»>re h^eome vis&Ie. We^ therefore can set no Umits 
to their :nwEiber9» er to their smo^afisiralde distances, 
like celehfaded Jiuygi^m €i^rr»M his thmigphts so ^^ 
»iita believe it 90^ i^iipombhh thi^ there xmy: be stars 
at fmqfe meoneeivabte &ati(asl0m» tfaadfc tAieir light has not 
yet reo^^be^ t^e eai:th fimce %eir c^ although 

the r^fmsty iq£ %h^J fe>e a nwU i oa < i f > tiams greater 
ti^ the velo!i^ of a cann<^ ball at its first discharge; 
Jtifid e» Mr. Ad#9or justly observes, '' This tihoug^t is 
$ir fr^m bejuag extravi^nt, wh^i we cqnmder that the 
llniv^^rM is the work .of Infinite Power, prompted by^ 
Infinite Cioodness, and havu^an Infinite space to exert 
itself in; therefore our finitf iqaagiiijaticsis can setno^ 
bottfcdstoit> 
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10 Of Astronomy in General. Sec.\. 

' 15he Sun appears viery bright and large, in compar- 
ison of the fixed stars; because we constantly keep 
near the Sun, in comparison to our immense distance 
from them. For a spectator placed as near to any 
star, as we are to the Sun, would see that star to be a 
body as large and bright as the Sun appears to us ; 
and a spectator a3s far distant from the Sun,'as we arc 
from the stars, would see the Sun as gmall as we see 
a star, divested of all its circumvolviiig planets, and 
would reckon it one of the stars, in numbering themv 
The stars being at such immense distances from the 
Sun, cannot possibly receive from him so strong alight 
as they appear to have, nor any brightness sufficient 
to make them visible to us; for the Sun's ray« must 
be so scattered before they reach su*h remote objects, 
that they can never be transmitted back to our eyes ; 
so as to render these objects visibfe by reflection. — 
Therefore the stars, like the Sun, shine With their own 
native and unbof rbwe^lufetre } aiid siiKje each particular 
one, as well as the Sun) & confined to a particular por- 
tion of space, it is tvidetft Itiat the stars are tjfthe sanie 
nature with the Siiri ; formed of similar mtfteriab, and 
are placed near the c«ntre» c#aB many magwific^ent 
tsy stems; have a retinue of worlds inhabited by intelli- 
gent beings, revolving round theln as their cdmm©n 
centres ; receive the diBtributioh of their raysj and ate 
illuminated by their beams ; all of which, are lost to Ui^, 
in inuneasurable wiMs of ether. - 

% It is not probable that the Almighty, who always 
acts with Infinite Wisdom, and does nothing in vain. 
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Sec. I Of Miranomy in General. 1 1 

should create so many glorious Suns, fit for so many 
important purposes, and place them at such distsi^ces 
fronEi each other without proper objects near enough 
to be benefitted by their influences. Whoever ima- 
gines that they were created only to give a faint glim- 
muring l|ght to the inhabitants of this globe, must have 
a very superficial knowledge of Astronomy, and a mean 
qpin^ of the* Divine Wisdom ; since by an infinitely 
l^s exertion of creating power, the Deity cguld have 
given our earth much more light by one single addi- 
tippai MiKm, 

. Ij»stead of our Sun, and our world onl^ in tUe Uni- 
T£rse, (as the unskillful in Astronomy may imagine ;) 
that science discovera to us, such an inconceivable 
number of Suns, Systemis and Worlds, dispersed 
through Jsoundless space, that if our Sun, with all the 
plianets, Moons and Comet^i^ belonging to the whole So- 
lar System, were at .o»ce annihilated, they would no 
more be misled by an eye that could take in the whole 
compass of Creatioix, than a grain of sand from the Sea 
shore ; the space they possess, bei^g comparatively so 
small, tliat their k)S3 would scarcely make a sensible 
blank in the Universe. Although Herschel, the out- 
ermost of our planefc, renylrea ttbettt the Sun, in an 
orbit of three thousand, six huudred millions of mile/i 
in diameter, and sdkne of pur Cofbets,make excmattions 
more than ten thousand millions of miles beyond 1m ox-* 
bit, and yet at that amazing distance^r they are inJ^Hr 
parably nearer the Sun, than to any of the fixed smK 
%s is evident, from their keeping clear of the attractive 
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12 Of JstroMmyin OeneraL Sec 1 

power of an the stars, and returning periodically by 
virtue of the Sun's attraction. 

From what we know of our own System, it may be 
reasonably concluded, that all the rest are with equal 
wisdom contrived, situated and provided with accom- 
modations for the existence of intelligent inhabitants. 
Let us therefore take a survey of the System to which 
we belong, the only one accessible to us, and from 
thence we shall be better able to judge of the nature 
and end of other systems of the Universe. Altho' there 
are almost an infinite variety in the parts of Creation, 
which we have opportunities of examining ; yet there 
is a general analogy running through, and connecting 
all the parts into one scheme, one design of dissemmi*- 
nating comfort and happiness to the whole Creation.-^ 
To an attentive observer, it will appear highly proba* 
able, that the planets of our System, together with their 
attendants called Satellites or Moons, are much of the 
same nature with our earth, and destined for similar 
purposes ; for they are all solid opaque globes, capable 
of supporting animals and vegetables ; some are larg- 
er, some less, and one nearly the size pt our earth. — 
They all circulate round the Sun, as the earth does, 
in a shcwter, or longer time, according to their res- 
pective distances from^ him, and have, where it wpuld 
not be inconvenient,) regular returns of Summer and 
Winter, Spring and Autunm. They have warmer 
$md colder climates, as the various productions of our 
earth require, and of such as afford a possibility of dis- 
covering it, we observe a regular noioticHi round their 
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^- 1 Of Jstrcnomy in OeneraL 13 

axes, like that of our earth, causing an alternate return 
of day and night, which is necessary for labour, rest, 
and vegetation, and that all parts of their surfaces may 
be exposed to the rays of the Sun, 

Such of the planets as are farthest from the Sun, and 
tfaerefbre enjoy least of his light, have that deficiency 
naode up by several Moons, which constantly accom- . 
pany and revolve about them, as our Moon revolves 
around the earth. The planet Saturn has over and 
above a broad ring, encompassing it, which no where 
touches his body ; which like a broad zone in the 
Heavens, reflects the same light very copiously on 
that pliBinet ; remote planets have the Sun's light fainter 
by day, than we, they have an addition to it, morning 
and evening, by one or more of their Moons, and a 
greater quantity of light in the night time. 

On the sur&ce of the Moon, (because it is nearer to 
us than any other of the celestial bodies,) we discover 
a nearer resemblance of our earth, for by the assistance 
of telescopes we observe the Moon to be full of high 
mountains, large valltes, and deep cavities. These sim- 
ilarities leave us no rdom to doubt, but that all planets. 
Moons and Systems, are designed to be commodious 
habitations for creatures endowed with capacities of 
knowing, and adorjng their beneficent Creator. 

Since the fixed stars are prodigious spheres shining 
by their own native light like our Sun, at inconceiv-* 
able distances from each other, as well as from us, it 
is reasonable to conclude that they are made for simi* 
lar purposoBi each to bestow light, heat and vegetation 
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14 Of Astronomy in General. Sec. 1 

on a certain number of inhabited planets, kept by grav- 
itation within the sphere of its activity. 

When we therefore contemplate on those ample and 
amazing structures, erected in endless magnificence 
over all the ethereal plains, when we look up- 
on them as so many repositories of light, or fruitful 
^abodes of hfe, when we consider that in all probability 
there are orbs vastly more remote than those which 
appear to our unaided sight, orbs v^hose effulgence^ 
though travelling ever since the Creation, has not yet 
arrived upon our coast — 

What an august, what an amazing conception does 
this give of the works oi the Onm^)otent Creator ; 
who made use of no preparatory measures, or long 
circuit of means. He spake, and ten thousand times 
ten thousand Suns, multiplied without end, hapgiog 
pendulous in the great vauit of Heaven, at inunense 
distances from each other, attended by ten thousand 
times ten thousand worlds, all in rapid motion, yet calm^ 
regular, and harmoniouts, invariably keeping the paths 
prescribed, rolled from his creatii^ hand. 

But when we contemplate on the power, wisdom, 
goodness, and magnificence of the Great Creator ; let 
us use the. language of the immortal Dr. Young, in his 
appeal to the starry Heavens : — 



' Say proud arch. 



Built with Divine ambition, in disdain 

Of limit built ; huilt in Ibe taste of Heaven, 

Vast concave, ample dome. .Wast thou designed 

A meet apartment for the Deity ? 

Not so ; that thought alone thy state impairs, 

Thy lofty sinks, and shallows thy profound, 

Amd ftraighteni thy diffusive." 



'jit.. ^ Digitized by Google 



Sec. 1 Merrogatima for Section Fir$t 16 

IJFTERROGATIOir S FOR SPBCTION FIRST. 

What is Astronomy ? 

It is a mixed Mathematical Science, teaching the 
knowledge of. the celestial bodies, their magnitudes, 
motions, distances, periods, eclipses and order. 

What are its uses 1 

What conviction does a knowledge of this branch of 
science give to the understanding 1 

What cheering sentiment is formed from a knowU 
edge 6f this science f 

What is the diameter of the earth ? 

How many miles is the diameter of the earth's orbit ? 

How is it known that the stars are at inmiense dis- 
tances from us ? ♦ 

How is it known that they are at immense distances 
from each other 1 

What ipstruments have been invented to aid the 
sight of man ? -W 

Who supposed there were stars, whose light had 
not yet reached the earth since their first creation 1 ^ 

Who confirmed the ides^ 

Why cannot the same rays be reflected hack from 
the stars to our e^es ? 

With what hght do the stars shine ? ^ 

How could the Deity have gfren us greater light 
*in the night time, than by the whole starry host? 

How is it known that the Comets bislong to the So- 
lar Syitftol . • 
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16 Jhterrogatums/or Section FhrsL Sec. I 

From what parity of reasoning, is it believed that 
the stars are so many suns, and have worlds revolving 
about them 1 

How are those planets supplied with light, which 
are farthest from the Sun ? 
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SECTION SECOND. 

Of* TJEE M»X««JR aV&TJEJtr. 

Th£ Solar System consists of the Sun, with all the 
Planets and Comets that move around him as their 
centre. Those which are near the Sun, not only fin- 
ish their circuits soQBer,but likewise move with great- 
er rapidity in their respective orbits, than those which 
are more remote. Their motions are all performed 
from West to East, in Elliptical orbits. Their names, 
distances, magnitudes, and periodical revolutions, are 
as follows : — The Sun is placed near the common cen- 
tre, or rather in the lower focus of the orbits of all the 
planets and comets^ and tttcas round on his axis once' 
in 25 days, 14 hours and 8 minutes ; as has been pro- 
ved, from the mtotion of the spots, seen on his surface. 
His diameter is computed at 883,246 miles, and by the 
various attractions of the convolving planets, he is agi« 
tated by a small motion round the centre of gravity of 
the system. His mean apparent diameter as seen 
from the earth, is 82 minutes and one second. His so- 
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18 Of th$ Solar System. Sec. 2. 

lidity, and indeed that of every other planet, may be 
found by multiplying the cube of their diameters by 
,5236. All the planets as seen by a spectator, placed 
on the sun, move the same way, and according to the 
order of the signs, Aries, Taurus, Gemii;ii, &c. which 
represent the great ecliptic. But, to a spectator placed 
on any one of the planets, the others sometimes appear 
to go backward, sometimes forward, and at others sta- 
tionary ; not moving in prefer circles,, nor elliptical or- 
bits, but in looped curves, which never return into them- 
selves. 

The ComBts, also appear to come from all parts, and 
appear to move in various directions. These proofs 
are s.ufficient to establish the fact, that the sun is placed 
near the centre, and that all the other planets revolve 
around him : are irradiated fey hm beams : receive the 
distribution of his rays, and aredependurt fer the enjoy- 
ment of every blessing on this grand dtspensor^ of divine 
munificence. 

The orbits of the planets are not in the same plane 
with the ecliptic,* but crosses it in two points directly 
opposite to each other, called the planet*s nodes, f — 
That from which the planet ascends northward above 
the ecliptic, is called the ascending node ; and the other 
which is directly opposite, (and consequently 6 signs 
asunder,) is called the descending node; 

* The eeliptic is a« im«ginaiy g^at ^ivcle ia the Heavens^ in Uici ^me 
of which the earth performs her annua] revolutions round the sun. 

t The node is the intersection of the orbit of any planet with that of (he 
earth. 
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Sec.^ Of the Solar System. 19 

ft WM discovered on the first of January 1806, that 
the ascending node of the planet Herschel was in twelve 
degrees and fifty-three minutes of the sign Gemini, and 
advances 16 seconds in a year. Saturn in twenty -one 
degrees aud 59 minutes of Cancer, and advances 32 
seconds in a year. Jupiter in 8 degrees and 27 minutes 
of Cancer, and advances 36 seconds yearly. Mars in 
18 degrees, and four minutes of Taurus, and advances 
88 seomds yearly. Venus in 14 degrees and 5g min- 
utes of Gemini^ and advances 36 seconds yearly. Mer- 
cury in 16 degre^ erf Taurus, and advances 43 seconds 
every year. In tlia«e ohservations, the earth's orbit is 
considered the irtandard,and the orbits of all the other 
pkoets oUiqudty to it. The nearest planet to the sun 
is Mercury. The greiU; brilliancy of light emitted by 
this planet: the shortness of the period during which 
observations can be made upon his disk ; and his posi- 
lion among ike vapors of the horvton when he is obser- 
ved, have hitherto prevented Astronomers, from ma- 
king interesting discoveries to be relied on with cer- 
tainty respecting this planet. This planet, when view- 
ed at different times with a good telescope, appears in 
all the various shapes of the Moon, which is a plain 
proof that lie receivlss, (like the Moon,) all his light 
from the SuiL That he moves round the Sun in an 
orl»t, within the orbit of the earth, is also plain ; be- 
cause he is never seen opposite to the Sun, nor above 
56 times the Snn^s diameter from his centre. It has 
been said by Authors, that his light and heat from 
the Sun must be almost seven times as great a^ our's ; 
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judging from his nearness to it His light airf heat 
however, depend more on the height and density of 
his atmosphere, than to his near approach to that lu- 
minary. 

His distance from the Sun is computed at 78,000,000 
of miles, is 3,226 in diameter, and performs a revolu- 
tion round the Sun, in 87 days 23 hours 16 minutes and 
28 seconds : his apparent diameter as seen from the 
earth, is ten seconds. His orbit is inclmed,7 d^rees 
to the ecliptic ; and that node from which he ascends 
northward above it, is in the 16th degree of Taurus, the 
opposite in the 16th degree of Scorpio. The earth is 
in these points on the 6th of November, and 4th of 
May; when he comes to either of his nodes at his infe- 
rior conjunction about these times, he will appear to 
pass over the face of the sun like a dark round spot. — 
But in all other parts of his orlul, his conjunctions are 
invisible ; because he either goes above or below the 
Sun. On the 6th day of May, at 6 hours 43 minutes 
22 seconds in the morning, in the year 1832, in the 
longitude of Washington, he was in conjunction with 
the Sgn. His next v^ble conjunction will be on the 
7th day of November 1836- 

Venus, the next planet in order is 68y000,000 of 
miles from the Sun by computation, and by moving at 
the rate of 69,000 miles every hour in her orbit, she 
performis her revolution round the Sun in 224 days^ 16 
hours and 49 minutes of our time ; in which, (though 
it be the full length of her year,) she has only 9 days 
and a quarter, according to observations n^de by Bi- 
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EBchifii ; so that her every day and night together, is as 
long as 348^ days and nights with us. This odd quar- 
ter erf a day in every year, makes in every fourth year 
a leap year to Venus, as the hke does to the earth 
which we inhabit. Her diameter is computed at 7687 
miles, and performs her diurnal revolutions in 23 hours 
20 ndnutes, and 54 seconds ; with an inclination ol her 
orbit to the ecliptic, of 3 degrees 23 minutes, and 35 
seconds* Her orbit includes the orbit of Mercury 
within it, for at her greatest elongation, or apparent 
distance from the Sun, she is about 06 times his diam- 
eter from his centre ; while that of Mercury is not 
above 66; ' 

Her orbit is inclwied within the orbit of the earth, 
for if it were not, she would be as often seen in oppo- 
' sition as in conjunction with the Sun. But she never 
departs from the Sun to exceed 47 degrees, and that 
of Mercury 28, it is therefore certain that the orbit of 
Mercury is within the orbit of Venus, and that of Ve- 
nus within the orbit of the earth. When this planet is 
west of the Sun, she rises in the morning before him, 
and hence she is called the morning star ; and when 
she sets"^ after the Sun, she is called the evening star ; 
so that in cme part of her orbit she rides foremost in 
the procession of night, and in the other, anticipates the 
dawn ; being each in its turn 290 days. The axis of 
Venus is inclined 76 degrees to the axis of her orbit, 
which is 51 degrees and 32 minutes more than the 
axis of the earth is inclined to the axis of the ecliptic ; 
and therefore her seasons vary much more than our%. 
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The north pole of her axis, inclines towards the 20th 
degree of Aquarius; the earth's to the beginning of 
Cancer. Consequently the northern parts of Venus 
have Summer, in the signs where those of the earth 
have Winter, and vice versa. The orbit of Venus is 
inclined three and one half degrees to the earth's, and 
crosses it in the 1 4th degree of Gemini, and Sagittarius, 
and therefore when the earth is near the points of the 
ecliptic, at the time when Venus is in her inferior con- 
junction,* she appears like a spot on the Sun, and it 
furnishes a true method of calculating the distances of 
all the planets from the Sun. 

It will not be uninteresting to those who peruse this 
treatise, to be put in the possession of all the eleaaents 
of the transits, both of Mercury and Venus over the 
Sun's disk ; from this period to the end of the present 
century, I therefore insert the following ixhles : — 



TRANSIT OF MERCURY OVER THE SUN'S DISK. 
TVarisU of Mercury May Uh 1832. 

Mean time of eonjunction, May 

Geocentric Imigitode of tbe Sim and Meicuiy 



Middle apj^arent time» 
Semi'durauon of the transit, 
Nearest approach to centres, 



1> R. 

423 


51 22 


B 
1 


14 


M. 8. 

56 45 




n 

8 


M. 8. 
IS 1 

28 2 
8 16 North. 



* Inferior conjunction is, when the planet is between the earth and the 
Snn^ in the nearest patt of its orbit. 
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XimenAir 7th 1835. 



Mean Itme of Gonjunctioii» 

Geocentric loiigitiide of the Sun and Mercuiy, 

Middle apparent time, 
Semi duration of the transit. 
Nearest approach of centres. 

May Bth 1845. 

Mean tima of Conjunction. 

Geocentric longitude of the SUn and McKvaj, 

Middle apjparent time, - . 

Semi-doration of the transit, 
Nearest approach of centres, 

Hovember 9th 184S. 

Mean time of conjunction, 

Geocenteic lon^tude of the Sun and Mercury, 

Middle apparent time, 
Semi-duration of the transit, 
Nearest approach of centres, 

Ifpvember llth 1861. 
Mean time of coi\junction, 
Geocentric longitude of the Sun and Mercurj 



Middle appitfefil Htne, 
Semi-^nrafien<»f the transit,. 
N'eireat apf roach of centres. 



23 



H ac. a. 

7 47 64 

a D. M. 8. 

7 14 43 8 

^ M. a. 

8 12 22 
2 33 53 

- 0. 6 37 South. 



If M. 8. 

7 54 18 

iT D. M. a. 
1 18 1 49 

H M. a. 
7 32 58 

- 3 22 33 

- 8 58 South. 



H M . a. 
- 1 37 43 

a D. V. a. 

7 17 19 19 

H H. 9. 

1 49 43 

2 41 33 

2 30 North, 



R M. a. 
19 20 13 

a i>. M. s. 
7 19 54 44 

H H. 8. 

19 20 14 
2 023 
10 52North. 
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Mean time of conjunctioB, 
Middle apparent tHne, 
Semi-duration Qf the transit, 

Geocentric longitude of the Sun and Mercuxj, 
Nearest approach of centres, 

May tth 1878. 

Mean time of conjunction, 
Middle appjarent tmie, - 

Semi-duration of the transit. 

Geocentric longitude of the Sun and Mercury, 
Nearest approach of centres, 

Ifovember 7th 1861. 



Sect 



R M. •. 

18 43 45 

19 18 M 
1 45 21 

• D. M. •• 

7 18 9 4S 

12 20 South. 



■ M. e. 

6 88 80 
6 55 14 
8 58 81 

s i>. M. e. 
1 16 8 50 

4 39 North. 



Meantime of conjunction, 
Middle apparent time, 
Semi-duration of the transit, 



Geocentric longitude of the Sun and Mercury, 
Nearest approach of centres. 



May 9th 1891. 



Mean time of conjunction. 
Middle apparent tmie. 
Semi-duration of the transit. 



Geocentric longitude of the Sun and Mercury, 
Nearest approach of centres, 

November lOth 1894. 



H M. 8. 

12 39 88 

12 59 33 

2 39 6 

8 I>. M. 8. 

7 15 46 57 

3 57 South. 



R M. •. 

14 44 57 

14 13 46 

2 34 20 

8 B. M. •. 
1 19 9 1 

12 21 South. 



Mean time of conjunction. 
Middle apjMurent time. 
Semi-duration of the transit. 



GeoceiMc longitude of the Sun and M^uiy, 
Nearest approach of centree^ - 



H R. 8. 

6 17 5 
6 36 29 
2 37 36 

• I>. R. 8. 

7 18 22 9 

4 20Norti. 
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TRANSITS OF VENUS OVER THE SUN'S DISK. FROM WE 
YEAR 1769 TO THE TEAR 2004 WCtUSlVR 

Jimt ad 1769. 





m M. a. 

958 84 

losr 8 

550 40 


Geocmitric longitade of tlie Sun and Vemif , 
Nearoft ^praach €# MBtnau 


a D. Iff. a. 

9 18 srr 8 

10 lOXToiA. 


Diceaihtr Sth 1674. 




hmMm^ftkB^mtk - ^ « 


H K. a. 

16 8 94 

15 48 98 

4 998 


Geocentric ltHi||itiide oTOie Sim and Teaut, 
KewMt approach d emtat$. 


a O. V. .a. 
8 16 57 49 

9 18 51Koidi. 


DumUr ttk 1889. 

1 




Mean time of eoajanotta, • ^ 
Middle eppaient time. 
Duration (^tlie transit. 


m u. a. 

4 16 94 

4 49 49 

6 896 

a p. M. a. 


Geeiic«atii& loitfiMe of tiia Son and T emi^ 
Nearest approach of centree. 


8 14 99 14 

10 89Soatk. 


Jyn€ Tih 9004. 




Mean time g( comunction. 

Middle apparattt time, - ^ * 

Daiatioa of ikd traant. 


m Iff. a. 

- 90 5194 

90 96 59 

• 599 40 

a D. Iff. a. 


Geocentric kmgitode of tiia Son iad YeaiM, 
Neareit tf^ifoacii of cantne. 


9 17 54 98 

11 19 8o8tk 



The earth is the next pknet alxnre VeniiSt m the 
Solar Sytem ; it is 96,000,000 ei miles from the Sun, 
and perjfbrms axevdution around hkn, from any Sols* 

ti^e» or £quin0X» to Ikt ssMe ag> i n, in 96d days, 5 

e 
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hours and 49 minutes : but -from any fixed star *o the 
same again, in 365 days, 6 hours and 9 minutes. The 
former being the length of the tropical year, and the 
latter the sidereal. It travels at the rate of 58,000 
miles every hour, in p^forming its annual^rair^Kdutioiii 
It revolves on its own axis from West to East, once in 
24 hours. Its mean diameter as seen from the Sun, 
is 17 seconds and two tenths of a degree, ^hickk^hy 
calculation, will give about 7,970 miles for its diame- 
ter. The form of the earth is an oblate spheroid, 
whose equatorial axis exceeds its polw byS^wytej* 
and is surrounded by an atmosphere ext^undkig 45«ft^eft 
above its surface. 

The Seas, and unknown parfc^ of the earth,, (by a 
measurement of the be^tj^app,) cpntain 160 milKoos, 
522 thousaiwi, and 26 square miles. The inhabited 
parts 38 milfionsb 990 thousand, 6§j^ 1S»^W^ fyw 
millions, 4<|6 thousand, and 65. Asia 10 ,n)^ons, 5681 
thousand, ^3. Africa 9 milUons, 654 thousand, 807. 
America 14 millions/ IW thousand, 81f4 j the whol^ 
amounting to 199 miHioij;s»,5l8 thousand, 595; which 
is the nuBdber of square miles, on the whole surface of 
the 4Blobe we inhabit 

The Moon is not a planet, but only a satellite, or all 
attendant of the eartl^j^pex^a^g a revolutioti round 
it in 29 days, 12 hours and 44 minutes ; and with the 
earth, is carried rated the S«n once in every year* 

The diauKiier 4rftho Moon i»a,180.i»iies^ and her 
ntean distanoe fron the earth's emir&y i» estiiiH^d mi 
240,000 miles. Slw gMi WMfid her orbit ia 27 dayi^ 
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7 howfi^d 4g minutes ; moving about 2,290 mites ev- 
ery iMur,' and performs a revolution on her own axis 
exacttf in Ae time that she goes round the earth ; con- 
sequenAIy the swue side of her is continuaUy presented 
towknk tiie earth, and the length of her day and night 
takeh te^elber, is equal to a hinar month. Her mean 
a|ip«M^ timraeter, as seen from the earth, is 8 1 minutes 
to4'&MG0ttds of a degree. The orbit of the Moon* 
ctMsss tlsB ecliptie in two opposite points, caUed the 
MMi's'imles, consequently cme half of her orbit is 
ad^e¥« the wrlptic, 0nA iht other below ; the angle of its 
obhquity is 5 d^Me%.aBitflO mirates. 

TheMopi has^bareely any difierene^of seasons, be* 
sMse hee assises nearly pei^peBdteukr to the ecliptic^ 
vaA H9lHiSiN|U6iMy die Sobfiever re^ sensibly from 
her equator. 

: TlH^t»tiiN3i¥lMii we^tekdbM, sepfet «s a satellite to 
HmM^^skki, sratiftf a»d waain^f egttbffy, butt appearing 
ftiffteett timM ds large» and affiiiding liac, tirirteen 
tiWHi wmui^ l^t 48 die Moon dM» to us. When 
shiaid newto i»9,lhe aartb i^pearB;fidl to tier $ am!,, 
wtenshe ta itt her ftrst quarter as sean from tibe earth, . 
the^^urth'islB Its third qaarter asse^ifiroi?9L.tbeMoon. 
Ti^ l^foon is an opaqtia globe^ hke the ^tth^ and 
siMmi ^nlf I^/rafleetaig ti^ light of the ^mti there"* 
ftarewUlst^Shfit half d* her whieh is towards the Sun^ 
ia enlighteivisd, tte other haM tanM be dark and in- 
visftfe. Henee she disappears whm she toimes b^ween 
w and the S^n ; bacawe her daric safo is titen to- 
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The plaaet Man is next in order, bckig 1km firat a- 
bove the earth's orbit. His distance from the Sun is 
computed at 144,000,000 of miles, and by traveiimg at 
the rate of 64,000 miles every hour, he goes round the 
Sun in 086 of our days^ 23 hours and 30 miautes^ whidi 
isthelengthofhisyear, equal to 667 and S*4th4Df his 
days ; and every day and night together, beii^ Oivfy 40 
minutes longer than with us. His diameter is eoa^iuted 
at 4,180 miles, and by his diurnal rotetioB, the mk$k- 
itants at his equator are carried 6M miles every hmm* 
The Sun appears to the inhahitaiits «f Mars^ neMrlf 
two-thirds the size that it doM ta wl 

His mean aj^^ent diameter, as seen from the^arth 
is 27 seconds, aad as seen from the Sim, toB sf^csads 
of a degree. Hisazis is iftdmed to his orMt4» 4m^ 
grees and 22 imnutes. 

To tiie infaabitaiils ef iiie planel Marst^w Sarlii and 
Moon i^ipear like two Ifoeas ; the oae he^ IS KmM 
as large as the other ; dbRnging places with each 
other, and appearing somelmies homed, somrtiiwi 
half or three-qwrters ShuBmated hut Mver fiiH^ bmt 
at most above one quarter of a degree fwm eaeh etfi* 
er ; althouipfa they are in facA 240,000 nlMasiHAer. 

This Earth appears afanost as large from Mbltb as 
Venus does to us. It is never serai shove 48 ^i^greca 
from &e SuBi at that phnet Sometmies it i^^iearste 
pass the difidr of &e Sun, and likewise Mercury and 
Venus. But Mercury can nevw be se^i from Mars 
by such eyes as our's (unless assisted by proper .in* 
struments,) and Venus win be as seld<»n seen as^ 
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see yhmmrj. Jupiter and Saturn are as visible to 
Mai« as to us* His axis is perpendicular to the eclip- 
tic, and his inclination to it is one degree and 51 min- 
utes. Hie planet Mars is remarkable for the redness 
of ili ligkty the Inrightness of its polar regions, and the 
ymt^tj of spetB which appear upon its surface. The 
• fa H to sp h ere of this planet, which Astron<miers have 
kmg considered to be of an extraordinary height and 
deiMty, is the cause of the remarkable redness of its 
a{^[>earaiice« When a beam of white light passes 
through any me^um, its color inclines to redness, in 
prop<M^ioii to the J^eemty ^ the noedium; and the space 
thratigii whkh il hm tnivdled. The momen* 
tasi wt the^ red^ or has* rsfrsagibie fays being greater 
tinB Aat af tiie violet^ or avMrt rdn^iile, the former 
wiB mdke tiieir way through the resistkig medium^ 
wiatetlialBMeraMeilhapnAootedarabsarbad. The 
eelar oKiiebtem ttierefare whm it reai^aa ttie eye, 
asMt^partake oi^^ calnr of the least r^Nngflde rayi^ 
aad amsl coatsaqosnttf iautemty^Vb the number of 

these if Mie violet, whieh have b«m obstraetad. 

ifc&ce ' we -disccnFar, that tiie moralbg aad evening 
-dkm^ are beautifuJB^ tinged wi0i red^ titot the Sim, 
Maon and Slars appear of the same color, whim aear 
tlie horisEoa, s»d that every luminous olqect seat 
tibraugh a m«»t, k of a ruddy hue. There is a great 
d^rence of coter' among the planch, we are there- 
^Mre, (tf the preceding observations be correct,) under 
1^ necessity of eonehkBng^ Ihi^ tboae m which the 
fadaobr predominates, t^e surrounded W^ the most 
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extensive and dense atmospheres. Accoriing'^li ilM 
idea, the atmosphere of Saturn; must be the aes^ Id 
that of Mars, in density and extent. 

The planet Mars is ai^ oblate spheroid^ wfaofte e^oft- 
torial diameter is to the polar as 1,355 k to ljt9%*<x 
nearly as 16 to 15. This remarkable fli^tentftg adtlie 
poles of Mars, probably arises from the ^^ett^mritttioR 
in the density of his different parts. * * 

VESTA- - • ^' 

Some Astronomers supposed 4Jhsi a pfan^ exiiite<i 
betweeii the orbits of Jupiter <and Hard; jMging fvMi 
the regularity ohMrved inrthe dfaMoees efthik^JbnMr 
discovered planeto ^fMi' -Urn Soil; ^hti diaciwiry 4# 
Ceres confiim«il^lii»€oiijeotiire, li«tthe«]^inioiiwhieli 
it seemed t^trn tMi e k gi«perting4hevr haatMb^ off ikm 
Solar %«tan, oppeamd ^o be ooH^kldy^ci^rtemAd^ 
by the diseoV^ry of P^ias mid Itmo. Bn QMora^ 
however imagiiiad theA'^ume emeik odbstial bodKM 
viFere merelf (h6 ftftgmmitsof u larger pkoet vfhkki 
had burst amodwlgr sottie ' flfteraei oenviibiofti axM 
that several more m||^ yet be diseover#d,between the 
orbits of Mars and. Jupitet^ He therefore oonchsi^l 
that thDii^li the^erbito ofatt these frtgmente might bfe^ 
inclined to the ecliptic^ yet asihey BMist^bavealldiv^^ 
ged from the samfe point, thef ought t6 hate twocGth^ 
mon points of rentfion, or twa nodes in oj^site regi«n0 
of the Heavens, thro^igfa whkSi JtU tiie^planetory fr^ 
ments nmst sooner or later pass. ' Ottectf these" node^r 
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)m4amiyi4A te in Virgo, a«d the other in the Whale, 
fuidji «mr«o«uaUy in the latter of these regions, that 
Mr Harding discovered the planet Juno. With the 
iiu^ntidn therefore of detecting other fragments of the 
Mf^MMed planet, Dr. Olders examined thrice every year 
aU the Mttle^ws in the opposite constellations of the 
Vicpirj «mI the Whale, till his labors were crowned 
fi^k MMess on the 29th of March, 1807, by the dis- 
ommrj ef a new planet in the constellation Virgo, to 
which he gave the appropriate name of Vesta. The 
planet Vesta is the next above Mars, and is in appear- 
ance of the fifth or MSAbmagoitiide, and may be seen 
in a clear morning by the naked eye. Its light is more 
i^i^iie, pif«4ii»(|tv4^a^^lftii ei^r ^ the three fullow- 
Mig G^reir Juw>i ot FaHtts. . Itft^tanee from the Sun 
i«;Otfittpiitld4ti^^6»iA^ diameter 

9it4id&xii$mm)u^mQ$ haveniM HtkmsU^ h«eii sufficient- 
lyvWccriaJMrf^ ^ ? > ^ 

ON JCNa 

The ploHMt J«nfls 4be^ next Above V«Mi« and tetii^teen 
tlie€vfaii»of Mars^& Jupiter was»di^^ Df. Har- 

ding, atthe ObsefvaMry near fiiMU(^« on %be evening of 
tbedtkof SefKte»b<»r,18d4» Thiaf>l»Be(is.Qfareddish 
color, and is free fr<»i that sitbDloriity which aurr^nds 
Pallas. , It ia dkstingttisbed from i^l |^ other planets 
by the great excentricity of its orbit, and daeefiecc of this 
is so extremely sensible^ that it passes over that half of 
it&0ibit whioh is htseeted by ks perihelion in bftlf the 
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time that It employs in describing the other hM^ 
is farther from the Sun ^ from the same caiMe kt j 
est distance from the Sun is double the least. Tne^dlf* 
ference between the two being about 137 milfioMof 
miles. Its mean distance from the Sun is con^MMd al 
252 millions of miles, and performs its U*o|^e«l reroht* 
tion in 4 years and 128 days. Its iMMietsr is e^tuMted 
at 1,425 miles, and its apparent diameter as 
the Earth, three seconds of a degree, and its ii 
of orbit twenty-one degrees. 

ON CERE& 

The planet Ceres was dbeofwcd at PalmBOy m Si- 
Oily, on the first of Jamary, 1801, fajr IL Rtaia^ an 
ingenfous observer, wlio has sinoe ilistiaguhiiml hias> 
self by his AstronomiMl labors. It was h o ws y er again 
discovered by Dr. OMers, tm the first of JuMry, 14107, 
nearly in the same place where it was expected from 
the calculations of Bar<Ma Zacb. The planet Ceres is 
of a ruddy color, and af^ars about the size of a star 
of the 8th »agi^iikte« ft seams to bs awrrMioded with 
a large dense aimoiQAere of 6T5 miles bi^ accofdiag 
to the calcolatiem of Sdvoeier, and phanly ezhibMs a 
disk, when ^xaanned, with a eaagoifyiiig power at 200. 

CJeres is diteated between the CMrluts of Mars and Ja- 
piter. She peribm^s ber revolution roimd the Sun in 
four years, 7 months and ten days ; and her mean dis- 
tance is estimated at 263 millioiis of miles from that lu- 
minary. The observati<»is which have bees hitherto 



Digiti 



zed by Google 



Sec. 2 Of the Sbhr System. 33 

made upon tbi» celestial body, do not appear sufficient- 
ly correct to determine its magnitude with any degree 
of accuracy. 

ON PALLAS. 

The planet Pallas was discovered at Bremen, in 
Lower Saxony, on the evening of the 28th of March, 
1802, by Doctor OWers, the same active Astronomer, 
who re-discoveced Ceres. It is situated between the or- 
bits of Mars and Jupiter, and is nearly of the same 
magnitude and distance with Ceres, but of a less ruddy 
colw. It is seen surrounded with a nebulosity of al- 
most the same extent, and performs its annual revolution 
in neady the same period. The planet Pallas however 
is distinguished in a very remarkable manner from Ce- 
res, and all the primary planets^ by the immense inclin- 
«lion of its orbit. While these bodies are revolving round 
the S»n in almoftt circular paths, rising only a few de-. 
grees above the plane of the ecliptic ; Pallas ascends a- 
bove this (dane, at aa angle of about 35 degrees, which 
is nearly five times greater than the inclination of Mer- 
cury. From the eccwtricity of Pallas being greater 
than that of Ceres, or from a difference of position in the 
line of their apsides, where their mean distances are 
nearly equal, the orbits of these two pknets mutually 
intersect each other i a phenomenon which is altogether 
anomalous in the Solar System. 

Pallas performs its tropical revolution in four years 7 
months aig^ 1 1 days. The distance of this planet, from 
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the ^im, is estimated at 266 millions of miles. It, is 
surrounded with an atmosphere 468 miles high. 

OF JUPITER. 

Jupiter, the largest of all the planets, is still higher in 
the Solar System, being four hundred and ninety mil- 
lions of miles from the Sun, and by performing his an- 
nual revolution round the Sun in eleven years, M4 
days, 20 hours and 27 minutes, he moves in his orbit 
at the rate of 29,000 miles in an hour. The diameter 
of this planet is estimated at 89,170 miles, and performs 
a revolution on its own axis in nine hours, 65 minutes 
and 37 seconds ; which is more than 28,000 jniles every 
hour, at his equator,the velocity of motion on His aitis 
being nearly equal to the velocity with which he moves 
in his annual orbit. 

This plauet is surrounded by faint substances caHed 
belts, in which so many changes appear, that they have 
been regarded by some, as clouds or openings in the at* 
mosphere of the planet; while others imagine that they 
are of a more permanent nature, and are the marks of 
great physical revolutions which are perpetually chang- 
ing the surface of the planet. 

Theaxisof Jupireris so nearly perpendicular to his 
orbit, that he has no sensible change of seasons, which 
is a great advantage, and wisely ordered by th^ Author 
of nature; for if the axis of this planetwere inclined any 
considerable number of degrees, just so many degrees 
round each pole would in their tufn, be ahnost six of 
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our years t<^ether in darkness, and, qs each degree of a 
great circle on Jupiter contains 778 of our miles at a 
mean rate ; judge ye what vast tracts of lands would be 
renda'ed uninhabitable by any considerable inclination 
of his axis. 

The difference between the equatorial and polar di- 
ameters of this oblate spheroid is computed at 6,230 
miles^ for his equatorial diameter is to his polar, asl3 
is to 12 ; consequently his poles are 3,115 miles nearer 
his centre than his equator. This results from his rapid 
motion round his axis, for the fluids together with the 
light particles which they can cariy, or wash away with 
diem, recede from the poles, which are at rest towards 
the equator^ where the motion is more rapid, until there 
be a mfficient number of such pai*ticles accumulated to 
i»ake up the deficiency of gravity occasioned by the cen- 
trifi^ai force, which arises from a quick motion round 
an axis ; and when the deficiency of weight or gravity 
of the particles is made up by a sufiicient accumulation, 
the equilibrium is restored^ and the equatorial parts rise 
no higher. The orbit of Jupiter is inclined to the eclip- 
tic one degree and 20 minutes. His north node is in 
the 7th degree of Cancer, and bis south node in the 7th 
degree of Capricorn. His mean apparent diameter ^as 
seen froin the earth is 39 seconds, and as seen from the 
Sun, 37 seconds of a degree. 

This planet being situated at so great a distance from 
the Sun, does not enjoy that degree of light emanating 
from hi^ rays, which is enjoyed by the earth. To sup- 
ply thi|deficiency»,the great Author of our existence has 
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provided 4 satellites, or Moons to be his constant atten- 
dants, which revolve around him, in sach manner, that 
scarcely any part of this large planet but is enlightened 
during the whole night, by one or more of these Moong» 
except at his poles, where only the farthest Moons can 
be seen ; there, however this light is n6t wanted ; be- 
cause the Sun constantly circulates in or near the hori- 
zon, and is very probably kept in view of both poles by 
the refraction of his atmosphere. The first Moo6, or 
that nearest to Jupiter performs a revolution around him 
in one day, 18 hours and 36 minutes of our time, and is 
229 thousand miles distant from his centre : the second 
performs his revolution ih 3 days 13 hours and 16 
minutes at a distance of 364 thousand miles : the third 
in seven days, three hours and 69 minutes, at the dis- 
tance of 580 thousand miles, and the fourth, or farthest 
from his centre in 16 days, 18 hours, and 30 miiiotes, 
at the distance of one million of miles from his centre. 
The angles under which these satellites are seen from 
the earth, at its meanTdistance from Jupiter, are as fol- 
lows : — The first three minutes and 66 seconds :thid 
second six minutes and 16 seconds : the third 9 mimites . 
and 68 seconds, and the fourth 17 minutes arid 30 sec- 
onds. This planet when seen from its nearest Moon, 
must appear more than one thousand times as large as 
our Moon does to us. 

The three nearest Moons to Jupiter, pass tfarQUgh his 
shadow, and are eclipsed by him, in every revolution, but 
the orbit of tl^e fourth is so much inclinecl, that it passes 
by its opposition to Jupiter without ontering his shadow, 
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two years in every six. By these eclipses, Astronomers 
have not only discovered that the Sun's light is about 8 
minutes in coming to us ; but they have also determined 
the longitude of places on this earth with greater certain- 
ty, and facility than by any other method y^t known. 

OF SATURN. 

Saturn is the most remarkable of all the planets, it is 
calculated at 9 hundred millions of miles from the Sun, 
and travelling at the rate of 21,900 miles every hour, 
and performs its annual circuit in 29 years, 167 days 
and 2 hours of our time ; which makes only one year 
to that plai^ Its diameter is computed at 79,042 
miles, and performs a revolution on its ovim axis once 
in ten hours, 16 minutes and two seconds. Its mean 
apparent diameter as seen frmu the earth, is 18 seconds^ 
and as seen from the Sun, 16 seconds of a degree ; its 
axis is supposed to be 60 degrees inclined to its orbit. 

This planet is surrounded by a thin broad ring, which 
no where touches its body, and when viewed by the 
aid of a good telescope appears double. It is incUned 
30 degrees to the ecliptic, and is about 21 thousand 
miles in breadth ; which is equal to its distance frOm 
Saturn on all sictes. Thip ring performs a revolution 
on its axis in the same i^pace of time with the planet, 

namely, ten hours 16 miutes and two seconds. 

This ring seen frcHn the pknet Saturn, appears like a 
vast himmous circle in the Heavois, and, as if it does 
not belong to the planet When we see the ring most 



Digitized by 



Google 



38 Of the Solar System. Sec 2. 

open, its shadow upon the planet is broadest^ and from 
that time the shadow grows narrower, as the ring ap- 
pears to do to us, until by Saturn's annual motion, the 
Sun comes to the plane of the ring, or even with its 
edge ; which being then directed towards the earth, it 
becotaies to us invisible on account of its thinness.^ — 
The ring nearly disappears twice in every annual revo- 
lution of Saturn, when he is in the 19th degree, both 
of Pisces and Virgo. But, when Saturn is in the 19th 
degree either of Gemini or Sagitarius, his rings^pears 
most open to us, and then its longest diameter is to its 
shortest as 9 to 4. 

This planet is surrounded with no less than seven 
satellites, which supply him with Ught during the ab- 
sence of the .Sun. The fourth of these was first dis- 
covered by Huygens, on the 25th of March, 1656. 

Cassini discovered the fifth in October, 1671. The 
third on the 23d of december, 1672 : And the first and 
second in the month of March, 1684. The sixth and 
seventh were discovered by Dr. Herschel in the 
year 1789. These are nearer to Saturn than any 
of thet)thers. 

These Moons perform their revolutions round this 
planet on the outside of his ring, and nearly in the 
same plane with it. The first, or nearest Moon to 
Saturn, performs its periodical revolution around him 
in 22 hours and 37 minutes, at the distance of 121,000 
miles from his centre ; the second performs its period- 
ical revolution in one day, 8 hours and 53 minutes, at 
the distance of 156 thousand miles ; the third in one 
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day, 21 hours, 18 minutes and 26 seconds, at the dis- 
tance of 193 thousand ; the fourth in two days, 17 hours 
44 minutes and 51 seconds, at the distance of 247 thou- 
sand ; the fifth in 4 days, 12 hours, 25 minutes and 1 1 
seconds, at 346 thousand ; the 6th in 15 days, 22 hours, 
41 minutes and 1*3 seconds, at the distance of 802 thou- 
sand; and the 7th or outermost in 49 days, 7 hours, 63 
minutes and 43 seconds, at the distance of two milHons, 
337 thousand miles from the centre of Saturn — ^their 
primary. 

When we look with a good telescope, at the hody of 
Saturn, he appears like most of the other planets, in the 
form of an oblate spheroid, arising from the rapid rota- 
tion about his axis. He however appears more flat- 
tened at the poles, than any of the others, and although 
his motion on his axis is not equal to that of Jupiter, 
yet he does not appear to be in form, so near that of a 
globe as that planet. When we consider that the ring 
by which Saturn is encompassed, lies in the same plane 
of his equator, and, that it is at least equal if not more 
dense than the planet, we shall find no difficulty in ac- 
counting for the great accumulation of matter, at the 
the equator of Saturn. The ring acts more powerful- 
ly upon the equatorial regions of Saturn; than upon any 
part of his disk ; and by diminishing the gravity of 
these parts, it aids the centrifugal force in flattening 
the poles of the planet. Had Saturn indeed never re- 
volved upon his axis, the action of the ring would of 
itself have been sufficient, to have given it the form -of a 
spheroid. 
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The ioUowing, are the dimensions of thislununous 
zone, as determined by Dr. Herschel. 
Inside diameter of the interior ring, - 146,345 

Outside diameter of the interior ring, - 184,383 
Inside diameter of the exterior riiig, - 190,240 
Outside diameter of the exterior ring, - 204^83 
Breadthof the interior ring, . . - 20,000 
Breadthof the exterior ring, - - - 7,200 

Breadth of the dark space between the two.rings, 2,839 
Angle which it subtends when seen at the mean m. s. 

distance of the planet. - - . - 7 25 

ON HERSCHEL, OR URANUS. 

From inequalities in the motion of Jupiter and Saturn, 
for which no rational account could be given, and from 
the mutual action of these planets, it was inferred by 
some Astronomers, that another planet existed beyond 
the orbits of Jupiter and Saturn ; by whose action these 
irregularities were produced. This conjecture was 
confirmed on the 13th of March, 1781 ; wten Dr. Her- 
schel discovered a new planet,- which in ccanplimentto 
his Royal Patron, he oalled Georgium Sidus, although 
it is more generally known by the name of Herschel, 
or Uranus. This new plan6t, ( which had been former- 
ly observed as a small star by Flamstead, and likewise 
by Tobias Mayer, and introduced into their catalogue 
of fixed stars,) is situated, one thousand, eight hundred 
millions of miles from the centre of the System, and 
performs its revolution round the Sun in 83 years, 150 
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days, aad 18 faeurs. Its diameter is computed at 
36»112 miles. When seen from the earth, its mean 
aj^r^it diameter is three and ^ seconds, and as seen 
from the Sun, 4 seconds of a degree. As the distance 
of this planet from the Sun is twice as great as that of 
Saturn, it can scarcely be distinguished without the 
aid of instruments. When the sky however is serene^ 
it aj^^ears like a fixed star of the sixth magnitude, with 
a bluish white light, and a brilliancy between that of 
Venus and the Moon ; \mt seen with a power of two 
or three hundred, its disk is visible and well defined. — 
The want of light arising from the distance of this 
planet from the Sun, is supphed by six satellites, all of 
which were discovered by Dr. Herschel. 

The first of those satellites is twenty five and half 
seconds from its prinoary, and revolves* round it in 5 
days, 21 hours and 25 mkmtes; tiie second is nearly 34 
seconds distant from the planet, and performs its rev- 
olution in 8 days, 17 hours, 1 minute and 19 seconds. 
The distance of the third satellite is 38,57 seconds, 
and the time of its periodical revolution is ten days, 23 
hours, and four minutes. The distance of the fourth 
satellite is 44,22 seconds, and the time of its periodical 
revoIutk>n is 13 days, 1 1 hours, 6 minutes and 30 sec- 
onds. The distance of the fifth is one nunute aQd 28 
seconds, and its revolution is Gxsnpleted in 38 days, 1 
hour, and 49 minutes. The sixth satellite, or the fur- 
thest from the centre of its primary, at the dktance of 
two minutes, and nearly 57 seconds, and therefore re- 
quires 107 days, 16 hours, and 40 minutes to complete 
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one revoluticm. The second and fourdi of these vrare 
discovered on the lUh of January, 1 787, the other four 
were discovered in 1790, and 1794; but their diisi^* 
tances, and timies of periodical revcdutiou, hare, not 
been so accurately ascertained as the other two» It m 
however, a remarkable circumstance^ that the whole 
of these satellites move in a retrogade direction, and in 
orbits lying in the same plane^ and almost perpescheu* 
lar to the ecliptic. 

When the Earth is in its perihelion, and Herschel in 
its aphelion, the latter becomes stationary > arseea from 
the Earth, when his elongstition, or distance from, the 
Sun is 8 signs, 17 degrees, aad 37 minutes, his r^ro* 
gradations continue \6l days, and 12 hours. When the 
Earth is in its aphelion, and Herschel in its perihelion, 
it becomes stationary, at an ekngaiion of 8 signs, 16 
degrees, and 27 mimitea, aad its rcftrogadatioos eom^ 
tinue 149 days and 16 hiiiirs* 

ON COMETS. 

Comets are a daw c£ oelestid bodira, which eeca^ 
sionly appear in the Heavens. They exMbit movisibkr 
or defined disk, but shioe wiCh a pale and efemdy I%ht, 
aQC0{iq)aBied with a tail or tr aiiv tunned from the Sun« 
They traverse every jpart ai the Heavens, and mm% 
in every possible ^KctiiMi.^ 

When examined thmcmgh a gpod tdbsoof^, a Comefc 
resembles a mass d* aquious vapors,. eneireNBg^ an 
opaque nucleus; dfdiffibreflyfe degrees of darknes mM- 
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fereai GMiete ; though sometimes, as in the case of sev- 
er^ difcoTered by Dr. Herschel, no nucleus can 
be seen. 

As the Comet advances towards the Sun, its faint 
vmi nelmleas hght becomes more brilliant, and its lu- 
minous train gradually increases in length. 

When it reaches its periheUon, the intensity of its 
fight, and tiiie length of its tail reaches their maximum, 
and then it sometimes shines with all the splendor of 
Veniis. During ite retreat from the per ihelion,it is shorn 
of its splendor, and it gradually resumes its nebulous 
appearance ; and its train decreases in magnitude, until 
it rieaches such a distance from the Earth, that the 
attenuated light of the Sun, which it reflects, ceases to 
make an impressicm on the organ of sight. Traversing 
unseen the remote portion of its orbit, the Comet wheels 
its etherial course fiu* beyond ihe limits of the Solar 
System. What region it there visits, or upon what 
destination it is sent, the limited powers of man are un- 
able to discover. After the lapse of years, we per- 
ceive it again returning to our System, and tracing a 
porticm of the mme orbit roimd the Sun, which it had 
formerly described. 

Various opmions have been entertained by Astrono- 
mers respecting the tiasis of Comets, These tails or 
trains, sometimes occupy an immense q)ace in the 
Heavens. The Comet c^ 1 68 1 , stretched its tail across 
an aj'ch of 104 degrees ; and the tail of the Comet of 
1749 subtended an an^ of 60 degrees at Paris, 70* At 
IM^fim^ 97 at the Uh of Bourbon, and 90 d^^^ at 
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8ea, between Teneriffe and Cadiz. These long trains 
of light are maintained by Newton, to be a thin vapor, 
raised by the heat of the Sun from the Comet. 

If we knew their uses in our System, we could form 
more probable conjectures as to the chronology of th^r 
creation. They have been noticed from the earliest 
era of our Astronomical History, and if our modern 
Philosophers had not discovered, that some (at least,) 
leave us to return again into our System, and there- 
fore describe a vast elliptical orbit round our Sun, we 
might have fancied that the periods of their first recor- 
ded appearances in our field of science, were the eras 
of their individual formation. But their recurring 
presence proves, that their first existence ascends in- 
to unexplored and unrecorded antiquity. Yet, from 
whence they came to us, we as little know as for fur 
what purpose. Tycha Brache proved that they were 
further from the Earth than the Moon, and were 
nearly as distant as the planets. The Comet of 1682, 
re-appeared in 1769, in the interval described, an orbit 
in the form of an ellipsis, answering to a revolution of 
27,937 days. It will therefore re-appear in Novem- 
ber, 1835. In its greatest distance, it is supposed not 
to go above twice as for as Uranus. This; is indeed a 
prodigious sweep of space, and it has been justly obser- 
ved, that the vast distance to which . some Comets 
roam, proves how very for" the attraction of the Sun 
extends ; for though they stretch themselves to such 
depths in the abysff.rf q)ace, yet by virtue of the Solar 
powtr, they rc^rn into its effulgence. But it hat be^i 
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recently discovered, that three Comets (at least,) never 
leave the plmetary system. One whose period is three 
years and a quarter, is included within the orbit of Ju- 
, piter ; another of six years and three quarters, ex- 
tends not so far as Saturn ; and a third of twenty years> 
is found not to pass beyond the circuit of Uranus. 

The transient eflfect of a Comet passing near the 
Earth, could scarcely amount to any great confvulsion, 
but if the Earth were actually to receive a shock by 
collision, from one of those bodies, the consequences 
would be awful. A new direction would be given to 
its rotatory motion, and the Globe would revolve around 
a new axis. The Seas, forsaking their ancient beds, 
would be hurried by their centrifugal force to the new 
equatorial regions ; islands and continents, the abodes 
• of men and animals, would be covered by the univer- 
sal rush of the waters to the new Equator, and every 
vestige of human industry and genius at once de- 
stroyed. 

Although the orbits of all the planets in the Solar 
System be crossed by five hundred different Comets, 
the chances against such an event however, are so ve- 
ry numerous, that there need be no dread of its occur- 
rence ; besides, that Almighty arm which first created 
them, and described for them their various orbits — 
that Omnipotent Wisdom which directed the times of 
their periodical revolutions, still continues to guide and 
protect all the workmanship of his hands. 
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lAterroifations for SectlMi fiMMid. 

Of what does the Solar System consist ? 

What planets finish their circuits soonest 1 

Which moves with the greatest rapidity 1 

In what direction do they move in their orbits ? 

What is_the form^of the orbits described by the 
planets ? 

Where is the Sun placed 1 

In what time does he turn round on his own axis 1 

How is that proved ? 

What is his diameter ? 

What is his mean apparent diameter as seen from 
the Earth ? 

How is his solidity calculated ? 

What is the Ecliptic? 

What is meant by the Nodes ? 

Which is the Ascending Node 1 

Which is the Descending Jfode^? 

How many signs are they asunder ? 

What additional Astrpnomicul discoveries were 
made in the year 1806 ? 

What planet is nearest the Sun 1* 

What reasons are given to si^pose that this planet 
receives its light from the Sun 7 

What is the computed distanceof Mercury from the 
Sun ? 

What is its diameter 1 
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In what time does it perform a revolution around the 
Sun? 

Wliat time q» its own its axis ? 

How many miles does it move in an hour in its mo- 
tion round the Sun ? 

How many degrees is his orbit inclined towards the 
Echptic 1 

What planet is next to Mercury ? 

What is the distance of this planet from the Sun ? 

How many miles in an hour, does Venus move in 
performing her revolutiein roa»d the Sim P 

In what time does she perform ber annual revolution ? 

In what time does skie perform a revolution on her 
axis ? 

What is her dkmetor 1 ^ 

How » k known thit the orbits of Mercury and Ve- 
nus are included within that of the Earth ? 

How many de|^pee$ ml mwt 4&en Mercury depart 
from the Su» 1 

How many Venus ? 

What is meant by inferior conjunction ? 

What is a trttoait ? 

What itthe^Mtte oftbethird^plaiBet from the Sun ? 

What is its distance from the Sou ? 

What is its diameter ? 

IttwhttttrnKT doait perform a revolution around the 
Sun ? 

What is itstboifrfy progress 1 

In what time does it perform a revolution on its axis ? 

What is its form ? . . 
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How many miles diflference in the two diameters 1 

What is the Moon? 

In what time does she perform a revolution round the 
Sun ? 

Around the Earth ? 

Around her own axis ? 

What is her distance from the Earth ? 

How many miles in diameter 9 

What is her mean apparent diameter as seen from 
the Earth ? 

Do the orbits of the Earth and Moon coincide ? 

How much more light does the Earth ^ve to the 
Moon, than the Moon gives to us ? 

What is the name of the fourth planet from the Sun ? 

What is his distance from that luminary ? 

In what time does he perform his annual revolution ? 

What is his hourly p:t>gres8 ? 

What time his revolution on fab axis ? 

What is bis mean apparent diameter as seen from the 
Earth ? 

What as seen from the Sun ? 

For what is the planet Mars remarkable p 

What have Astronomers concluded to foe the cause of 
this remarkable appearance ? 

What is its form ? 

What is the name of tke fifth planet from the Sun ? 

By whom was it discovered ? And when ? 

In what sigh of the Ecliptic can ttus planet be seen 
without the aid of a telescope ? 

What is its distance from the Sun ? 
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What k its dkunetar ? 

What is the Dame of the sixth ? 

By wlipm was it discovered 1 And when ? 

What is its color ? 

For what is it distinguished ? 

What is its distance from the Sun ? 

What is the time of its tropical revolution ? 

Whiu is its diameter ? 

Whftt ia it3 f^g^nut diamejter as seen from the Sun? 

What is the name of J^^ seventh ? 

Bjr whom ;wa». it fin^t discovered ? 

In^wfaa^jTMr ?, 

What is the height of its atOMiiphefe ? 

la whtt time does this planet perform its revolution 
round the Siin ? 

What is her distance ffom. tbstf fcimnary ? 

What is the i|ame of the eighth {rfanet from the Sun ? 

When was it discovered ? And by wh#m 1 

What is its distftlVBe feom the Sup 1 , 

In what time does it perform its a^aaua) revolution 
around him/l 

What is tha >^\ght of iu^ aylm9^yp(|here 1 

By what name are the last four collectively called 1 

They arck pajled A^teroi^s^ 

What is the name of the ninth planet from the Sun 7 

How many milea distant fr#m the Sun ? 

What is his diameter ? 

In what timie does he perioral hisf annual revolution ? 

In what time on his own axis 1 

What is his mean motion in his orbit ? 

F 
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What is his mean motion on his axw t 

Have the inhabitants of Jupiter any sensible change 
of seasons? 

How many miles constitute a degree on thfe planfet 1 

How many mBes diflference between his equatorial 
and polar diameters 1 

Why is this great difference 1 

How many degrees is the orbit of Jupiter inclined to 
the Ecliptic ? In what sign of the Z6diac is his north 
node ? In what sign his south node 1 

How many satellites attend this plan^ 1 Wliat is 
his apparent diameter as seen from the Son f What 
as seen from the Earth t 

Of what benefit have those Moons been to the inhab- 
itants of this Earth ? Can either of them be seen by us 
without the aid of telescopes ? 

What name is given to the next, or tenth planet 
from the Sun ? 

What is its distance from the Sun 1* 

How many mOes does this planet movi^ In kh hour ? 

In what time does it perform its revolution around 
the Sun ? In virhat timt on itis t)wn axes 1 

What is its diameter ? . . . ' 

What is his mean apparent diameter as seen from the 
Sun 1 What as seen from the Earth *? 

How many degrees is its axis inclined to its orbit ? 

What encircles his body ? 

How does it appear when viewed with a telescope ? 

What is its breadth ? 

How does it appear to the inhabitants of Saturn ? 
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Why ii it flonetime^ invisible to us 1 
How many times does it appear in one reyoluticm df 
the planet? 

In what signs and degrees of the Ecliptic does it 
disappear 1 

In what signs and degrees does this ring appear most 
open ? 

How many Satellites has this planet 1 
WherS are they situated, inside or outside of the 
ring ? 

What is the form of this planet ? 

What is the name of the next, or outermost planet? 

When was it discovered ? 

How &r is it situated from the Sun 'V 

In what time does it perform its annual revolution ? 
What is its diameter ? 

What is its af^rent diameter as seen from the Sun ? 
What as seen from the Earth ? 

Can it be seen without the aid of a tel^cope ? 

How many l&teUites attend it ? 
, In what <&reetion do those Satellites move ? 
What are Ckimete ? 

In what direction do they move ? 

In what part of its orbit is its train most brilliant ? 

What was Newton's opinion concerning the Comet's 
tail, or train ? 

How many Comets are supposed to belong to the 
Solar System ? 
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How many are known not to exceed tlie ^circuit of , 
Uranus ? .' ' 

What would be the result if a Comet should come in 
actual collision with this Earth ? 

Is it probable that there will ever be such an oc- 
currence 1 

Why is it not probable ? 
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SECTION THIRD- 



Tm power by wla^ hodim &H tomirds the Earth, 
is Called GaArmr, or Athuctkm. By this power in 
the Earth, it is that all tb^ bodies on whatever side, 
fiifl HI lilies perpeadicidar to its surfs^ce. On opposite 
parts of the Earthy bodies fijl in opposite directions, all 
towardsJ&e c^itre» wh(^e 1^ whole force of gravity 
appears to be aocw&ulatedL ^ this power constantly 
acting cm boditt near the Esrth* tibiey ^re kept from 
kaTmg HfMnA those on its .snr&€e are kept by it, that 
th^ QMiiot fUl fison it* Bodi^ thrown with any ob- 
l^]uify, aMdrawA' by t}iis power from a straight line 
into a curve, until.they fall to the ground. The great- 
er the force with which they are projected, the greater 
is the dwtaace they are carried before they fall. If we 
suppose a body carried several miles above the surface 
of tiie Earth, and there prcyected in an horizontal di. 
recticm, widi so great a velocity that it moves more than 
semidiameter of the Earth in the line, it would take to 
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Mto the Earth hj gravity, intibatcaie, tf there were 
no resisting medium, the body would not fidl to the Earth 
at all ; but continue to circulate round the Earth, keep- 
ing always the same path, and retumkig to the point 
from whence it was projected with the same velocity 
with which it moved at first We find that the Moon 
therefore must be acted upcm by two powers, one of 
which would cause her to move in a right line, another 
bending her motion from Hmk ^lei^ a cipve. This 
attractive power must be seated in the Earth, for there 
is no other body in^^Api^.lfo«n^.1{rhit to draw her.* 
The attractive power of the Earth therefore extends 
to the Moon, and in eonriimatkMi wtth her pnye^ile 
force, causes her to move nmnd the Earth im the same 
manner, as the circulating hddy above ai^posed. 

The Moons of Jupiter, Saturn and Herscfa^ are ob^ 
served to move aromid their primary planets ; thwe- 
f<Mre there is an attractive power in these pianets, op. 
crating on their SateSites m the smm manner, as the 
attraction of the Earth <^>entteis^ cmh the Mocm. AH tiie 
planets and €k>mets move round the fikm, aid respect 
it as their centre of moticfti, tl»erefiire ^e Sim must 
be endowed wi^h an attracting power, as well as the 



* If the Moon revolves in her oi4>it in consequence of an aftractive 
power residing in the Earth, she ovj^t to bemttneMafrwaehfipcm 
gent of her oibit in a minute, as heavy.bodies fall at the Earth's suriace in 
a second of time. It is accordingly found by calculation, that the Moon 
is deflected from the tangent 16,09 feet in a mfnute, which is die very 
iqmce through whkb heavy bo^M descend in a second of time at ^ 
Earth's mufaoe« 
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Earth amf planets^ Consequently all the bodies, or 
matter of the Soiar System are possessed of this attrac- 
tive po#el^, and also aJI matter whatsoever. 

As the Sun attracts the planets with their Satellites, 
and the Earth the Moon, so the planets and Satellites 
re-attract the Sun, and the Moon the Earth. This is 
also confirmed by observation ; for the Moon raises 
tides in the Oceah ; the satellites and planets disturb 
each other's motions. Every particle of matter being 
possessed of an attracting power, the effect of the whole 
must be in proportion to the quantity g[ matter in the 
body. 

Gravity also, like all other virtues, or emanations, ei- 
ther drawing or impelling a body towards a centre, de- 
creases as the square of the distance increases ; that 
is, a body at twice the distance, attracts another with 
only a fourth part of the force ; at four times the dis- 
tance, with a sixteenth part of the force. 

3y cottSideri^ the kw of grwiMofk whiicb takes 
plaoe throughout the H^lmt Sy«t^ll^,it will be evidisnt 
that the Ewrth mpv^ea jDound fbfe Sun ia ^yeax. It has 
been staibed and cdbKiwa, tbat the ]|owei? of gravity de- 
creases as the. square of the distance kicreases, and 
from this it foUow^ with mtttheioitical certaioty^ that 
when two ar. more bodies rnQve. riMiiid wotber as their 
centre of motioii, the sipiaros ol th^ time of their peri- 
odieal re¥<4iitioi|s, wiU be ia proportion to each other, 
as the cvbes of their distopces from the cei^ral body.-~ 
This holds precisely with regiard to the planets round 
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56 On Gravity. Sec. 9 

the Sun, and the satellites romid their prinnuries^ tb« 
relative distances of which are well kmcmu^ 

All Globes which turn on their own axis, will be ob- 
late spheroids, that is, their surfaces will be further 
from their centres in the equatorial, than in the polar 
regions ; for as the equatorial parts move with greater 
velocity, they will recede farthest frcMB the axis of mo- 
tion, and enlarge the equatorial diameter* That our 
Earth is really of this figure, is den^nstrable from the 
unequal vibrations of a pendulum, . and the unequal 
length of degrees in diflferepil latit^de^* 

Since then the Earth is higher at the equator thajQ at 
the poles, the Seas naturally wquld run towards the 
polar regions, and leave the equatorial parts dry, if the 
centrifugal force of these parts, by which the waters 
were carried thither, did not ke^ them from return- 
ing. Bodies near (he poles are heavier than those near- 
er the Earth's cenltre, whfjre the whole force of the 
Earth's attraction is accumulated. They are also 
heavier, be^Me their €€^TiNtgsAfote% b^temmn ac- 
count of their diurttftl iBoCioM being sl0wer« »iV>r lyoCh 
the&e reasoiis^ bodies oarried fr^om ihit pcAn towards 
the Equator, graduaHy losd part of their ivseigbi. 

Experiment prevc that a pendl^ttpi which vibrates 
seconds near the poles, vibnd;ee stower Bear tbfe Equa- 
tor, which shows' that it is lighter, w less attraoted 
there. To niiake it oseittate in the same *time, it is 
found necessai-y to diminisll its leiigtk. By comparing 
the different lengths of pendlil«iiiil vS)rating seednds 
at the equator, and at LoDdolti ; it ir^fomMl lii^f^apen- 
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See.$ Merr0gatiana far Section Third. 67 

diilum mwt be %542 lines * shorter at the Equator 
than at the poles* 



InterrogationJi for Seetion TUIrd. 

What is GHArmr 1 

Bo falling bodies strike the surface of the Earth at 
right angles 1 

Do falling bodies near the Earth, always ^rect their 
course to its centre t 

Where is the centre of Gravity* situated ? 

When bodies are projected in a right Kne, what 
brings them to the Earth 7 

If there were no attractive power at the centre of 
the Earth, what would be the consequence were a bo- 
dy so projected, and not meeting any resiitance from 
the air 1 

We find that the Moon moves round the Earth in an 
orbit nearly circular. Why is it so ? 

Where is that attractive power situated ? 

Have the other planets attractive*powers also 1 

How is it known ? 



* A Mm is 1-UMh ptrt of an inch* 
o 
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58 Merrogations for SeHion Third. Sec. 8 

Where is the centre of attraction erf the Solar Sys- 
tem placed 1 

How is it known ? 

Do the planets attract the Sun as well as the Sun 
the planets ? 

Has every particle of matter an attractive power ? 

In what proportion does Gravity increase ? 

How far is the Moon deflected by Gravity from a 
tangent in one minute of time 1 

How far does a falhng body descend in one second ? 

In what proportion are the squares of the times of 
the periodical revolutibns of all the planets ? 

What will be the form all planets which revolve on 
their own axis ? 

Why will they be of that form 1 

How is it ascertained to a certmiy» that our Earth 
is of that form 1 • . "* 

Why are bodies near the poles heavier than those at 
the Equator ? 

Wi^ is a pendulum vibrating fiecpnds shorter at the 
Equator than at the poles ? 

Wh^t is the length of a pendulum vibrating seconds 
at the Equator ? 
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SECTION FOURTH. 

PfiSNOMSNA (^ THE H£AT£N8. AS SEEN FROM DIFFERENT 
'^ PARTS OF THE EARTH. 

TH&magmtudeof thelkirihisonly apoifiiwhra com* 
pared to the Heavew* and therefot 6 e^ery inhabitant 
upon it, kt hm be m any place on itftsurlaee^ sees half 
of the Heavens. The iniiabito»t on the North Pole of 
the Earthy constttitly eeesr the Northern Hemisphere, 
and haring the North P^ oltjke HeaveiK^directi^over 
Ushead^hisbc^izon coincides wiili theeelestial Equa- 
tor. Therefore s3l the Star« in the Norttievn Hemi- 
sf^re, betweai the Eqaator and tte North^ Pde, ap-' 
pear to turn round parallel to thejiorizon. The Equa- 
torial Stars keep in the horizon, and all those in the 
Southern Hemiqptere are invisible. The Uke phe- 
nomena are seen by an observer at the South Pole,;^— 
Hence, under either pole, only one half of the Heavens 
is seen ; tor those parts which are once visible never 
set, and those which are once invisible never rise. — ' 
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60 Phenomena of the Sleavens, 8rc Sec. 4 

But the ecliptic or orbit, which the Sun appears to de- 
scribe once a year by the annual motion of the Earth, 
has the half constantly above the horizon of the north 
pole ; and the other half always below it. Therefore 
whilst the Sun describes the northern half of the eclip- 
tic, he neither sets to the north pole, nor rises to the 
south ; and whilst he describes the southern half, he 
neither sets to the south pole, nor rises to the north.— 
The same observations are true with respect to the 
Moon, with this difference only, that as the Sun de- 
scribes the ecliptic but once a year, he is, during half 
that time, visible to each pole in ite turn, and as long 
invisible. 

But, as the Moon goes round the ecliptic in 27 days, 
8 hours, Ae is only visible during 13 days and 16 homrs, 
and as long invisible to each pole by turns. 

All the planets likewise rise &. set to the polar regions 
because their orbits are cut obliquely in halvM by 
the hcMrizon of the poles. When the Sim arrivesat the 
sign Aries, which is on the twentieth of March, he is 
just risii^ to ma observer on the north pole, and set- 
ting to another on the aouth pole.* From the Equator, 
he rises higher and higher in every apparent diuraal 
revolution, till he cH)|nes to the highest point of the 
ecliptic on the 21st of June, and then he is at his great- 
est altitude, which is 23 degrees and 28 minutes; 



* It if tlierefore. evident when the Sun is on the £quat<H:, an observer 
placed at each pole, lees about one half of the Sun above the horison, and 
Ukewife an obfenrer at the Equator discoveri both pqkt ia the horizon. 
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&€. 4 Phemmena of the Heavens, fyc. 6 1 

equal to hts greatest north declination, and from thence 
ke seeii»gradasJly to descend in every apparent cir- 
Gumvoluticm tiU he sets at the sign Libra, on the 23d 
Septeoiber, and then he goes to exhibit the same ap- 
pearsudces at the south pole for the other half of the 
year. Hence the Sun's apparent motion round the 
earth is not in parallel circles, but in spirals, such as 
may be represented by a thread wound round a globe 
from one tropic to the other. If the observer be any 
where on the terrestrial equator, he is in the plane of 
the celestial equator or under the equinox, ^nd the axis 
of the earth is coincident with the plain of his horizon 
extended to the north and south poles of the Heavens. 
As the earth performs her diurnal revolution on her 
axis from west to east, the whole Heavens seem to 
turn round the contrary way. It is therefore plain 
that the observer at the equator has the celestial poles 
constantly in his horizon, and that his horizon cuts the 
diurnal paths of all the celestial bodies perpendicularly, 
and in halves. Therrfore, the Sun, planets and stars 
rise every day, and ascend perpendicularly above the 
horizon for six hours, and passing over the meridian, 
descend in the same manner, for the six hours follow- 
ing, then set in the horizon and continue 12 hours be- 
low it ; consequently the days and nights are equally 
long throughout the year. Thus we find, that to an 
observer at either of the poles, one half of the sky is 
always visible, and the other half never seen ; but to an 
observer on the equator, the whole sky is s^en every 
24 hours. From the preceding observations, it is cv- 
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03 PhcfYmena of the Ihciotmf 9fc. Bee. 4 

identy that as the Sun advances from the equtttor to tiie 
tropic of Cancer, the days continaally lei^faeii» and 
the nights shorten in the northern hemisphere, and the 
contrary in the southern ; and when the Sua descends 
from the equator to the tropic of Capricora, the days 
continually lengthen in the southern hemisphere, and 
the nights shorten; and the contrary in the northern. 
The earth's orbit being elliptical, and the Sun con- 
st antly keeping in its lower focus, which isonemiffion, 
three hundred and seventy-seven thousand miles from 
the middle point of the longer axis, the earth comes 
twice that distance, or 2,754,000 miles nearer the 
Sun* at one time of the year than at another ; for the 

Sun appearing under a larger anglef in our winter 
than summer, proves that the earth is nearer the Sun 
in winter than in summer. The Sun is about 7 days 
longer in the northern hemisphere than in the southern 
in every year ; and as the earth approaches near to the 
Sun, its motion is accelerated, and therefore goes over 
an equal space in less time, and as the earth recedes 
Trom tho Sun, its motion is retarded in the same ratio 
that it was aecelerated when in the southern hemi- 
sphere, and consequently requires a longer time to pass 
over an equal space. 



♦ The Sun is nearest to the. Earth when he is on the tropic of Capri- 
corn ; farthest from it when he is on the tropic of Cancer. 

t The nearer an object is to tlie ey^, the lar^r ^ appean, and under 
the greator aai^ itk aeoA* ... 
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Sec 4 JP&#)omma of the Heavens^ Src. 63 

But here a questioR actually arises ; why have we 
not the hottest weather when the earth is nearest to the 
Sun ? In answer, it must be observed, that the eccen- 
tricity <^the earth's orbit bears no greater proportion 
to the earth's mean distance from the Sun, than seven- 
teen bears to a thousand, and therefore this small differ* 
ence of distance cannot occasion any great dijBference 
of heat or cold. . 

But the princijml cause of this difference is, that in 
winter, the same rays fall so obliquely upon us, that 
any given number of them is spread over a much great- 
er portion of the earth's surface which we inhabit, and 
therefore each point. must then have less ravvs ibnn m 
siHnmer. Also there corned a greater degree of cold 
in the long winter nights, than there can return of heat 
in so shOTt days, and on both these accounts, the cold 
must increase. But in the summer season, the *Sun's 
rays fall more perpendicularly upon us, aud therefore 
ccmie with greater force, ftnd in greater numbers on 
the same place, and by their long continuance, a much 
greater degree of beat is knparted by day than can fly 
off by night. It is for this reason that we have a 
greater degree of heat in the month of S^tember, than 
in the month of March ; the Sun being on the equator 
in both these months, and ccmsequently equally distant 
fr€»m the earth. TlK>se parts which are once heated, 
retain the heat for fi<Mne time, which, with the addi- * 
tional heat daily imparted, makes it continue to in- 
crease, though the Sun declines towards the south, and 
this is the reason why we hifve greater heat in July 
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than in June. Also, we know that the weather is gen- 
erally warmer at 2 o'clock in the aflemooBi when the 
Sun has gone towards the west, thau at notm, when 
he is on the meridian. Likewise those places which 
are well cooled, require time to be heated again, for 
the Sun's rays do not heat even the surface of any bo- 
dy till they have been sometime upon it, and therefore 
January is generally colder than December ; although 
the Sun has withdrawn from the winter tropic, and 
begins to dart his beams more perpendicularly upon 
us. • , 

It was formerly the opinion of Philosophers, that the 
Sun was an immense mass of flame, and consequently 
the nearer we approached, the greater must be the 
heat. It is stated that the heat of the^lanet Mercury 
is seven times as great as ours, iUdging from his n^ear- 
ness to the Sun,and likewise that th«|Cold at the planets 
Jupiter, Saturn and Herschel, must be extreme, be- 
cause they are placed at sci%reat a distance from that 
luminary. 

It is well kn»wn, thl^ near the equator, the tops of 
the highest mountains are covered with perpetual 
snow, and that ih a less distance than three miles a- 
hove the surface of the es^th, we come to the region 
of perpetual congelation, where neither ice nor snow 
would ever melt, although nearer the Sun than in the 
» plane below. Therefore, the distance from the Sun is 
not the real cause of heat or cold. Dark spots have 
been seen upon the Sun's disk, from which it is gener- 
ally concluded that the *body of' the Sun is dark and 
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opaque^ surrounded by a luminous atmosphere, which 
dsurts its rays with immense velocity, and by some 
chemical operation, perfi>rmed in their passage through 
the atmosphere with which this earth is encircled, 
convey to us the s^isation of heat The solar ob- 
.servataons of Dr, Wilson, first suggested the'opinion, 
that the Sun was an opaque and' solid body, surrounded 
with a luminous atmo^h»e, and the telesc(^es of Dr, 
Hersehel have tended stilf farther to>stablish this opin- 
ion. The latter of these astrcHdomers, therefore imagin- 
ed, that the functions of the Sun, as the source of light 
m^bt be perfcrmod by the agency of the external at- 
mosphere, while the sdar nucleus was reserved, and 
fi^ed I6r the r^ption of inhabitants* That the Sun 
may at the $amib time lie the source of l%ht and heat^ 
•B^yet capable ^f s|||K>rARg ammal life is one of those 
iMmclusions, Whidi we are .fond of admitting without 
hesitation, and to cherig^with peculiar complacency. 
The mind is filled with Aninetkn oiike wssidoiki of 
that Benign Benefactor, and j|^ells with the most sub- 
lime emotions, whSh it conceives, tha# apparently the 
most inaccessible regions of g^eation are peopled with 
animated , beings, and, that while the Sun is the foun- 
tain of the most destructive«of all the elements, it is at 
the same time the abode of life and plenty. When the 
invention of the telescope* enabled Astronomers to de- 
tect the striking* resemblances between the different 
planets of the isystem, it*was lAtural to conclude, that, 
as they were composed of similar materials, as they 

H 
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revolved around the same centre, and were enlighten* 
ed by similar Moons, they were all intended by th^r 
wise Creator to be the region in which he chose to 
dispense the blessings of existence and inteB^nce to 
various orders of animated beings. The human mind 
cheerfully embraced this sublime view of creation, and 
guided by the principle, that nothing was made in vain' ; 
man extended his views to the remote corners of «pa^6, 
and perceived in every star that sparkles in the sky, 
the centre of a magnificently ^em of bodies, teeming 
with life and happiness j and disjplaying fresh instances 
of the power and ben^cence of 4bat Being who r6&ed 
such stupenduaus'orbs from his creating htod. 

Having thus ttiaversed the illilnit^le regions <rf 
space, and ccm^ering cvefv world wmdl rolls in the 
knmense void as the seemed wpbh the Almigbty^has 
exbibited his perfet^tidns, Remind, Ikable to command 
a wider range, rests ?ip datts^dion on the faithful aliak)- 
fieil which it has p\irsued. ^ . 



4 
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Interrot^ttoiii tot fleetion Fourth* 

How much of the Hecnreiis does a spectator see pla- 
ced ai the north pole^of the earth ? 

What part if placed at the south pole t 

Wjfmt part if «ee& at the equator P 

When placed at the north pole, how far souAi in the 
Heavena would his nstMi exteiid 1 

If at the south pole, how far north would his vision 
extend? 

Docs any part of die epcliptie^ or ortut, which the Sun 
seems^to describe once a vear^ apfiear above the hori- 
zon of the noFlh ptde 1 - 

What signs of ti^eclij^ i^^pear abo^'a the horizon 
of the north pole^ 

j?ni.-Aries, Taurus, Gemini, Cancer, Leo and Virgo; 
thes6 are oo^d nbrtb^r^'gns. 

WJbat »gns appear above the horizon, of the soath 
pole ? ^ ^ 

«4bi«^--4itea» Scotpio, Sagitarius, Capricornus, Aqua- 
rius, and Pisces. These are^ called southern aigns. 

When the l^un is in any .of the nortl^ern signs, doei 
ha ever set at the »»:tb pole,,^ rise at tfa^ southi 

When in thesoMtbern Sigi)S» does heever aet to the 
aoirth p<^^ or Hae to the north ? 

Is it the same with the Moan ? 

Wfcatk ^ lefigdi of the longest days at eithtf of the 
poles;? 
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68 Mtrrogations for Section F&w*^. See. 4 

What the length of the longest nights ? 

in what month of the year is the Sun on the tropic 
of Cancer, or highest point of Wis ofbtt ? 

In what months on the tropic of Capricorn ? 

In what months on the equator ? 

When the Sun is in the equator, can he b^ seen at 
both poles ? 

Is the Sun's apparent motion rosnd ihe earth iii 
circles ? . 

Are the whole Heavens visiUe every 24 b^otrs at the 
equator ? 

What is the form of the earth's orbit ? 

How many miles is the earth nearer thjs Sua at one 
time of the year than at anntliei* ? 

In what month in the year is it the netreat ? - 

In what month farthest off^. ■ 

How many days is the Sun longer in the nortbem 
henrisphere, than in the soofthem in every year ? 

Why is itlonger north of f|ie equator t&an south ? 

Why have we not the warmest wea^r w^n nearest 
the Sun? .^ 

What was the c^inion of fomicr PhilMopliefS'Mii* 
cerning the San 1 

What the Ofnnion (^Dr. Heraciiei ? 

How far above the snrface of the? earth at Uve'equa«> 
tor, is the re^on of perpetual congebilk>n ? . . 

What is the prevailing opinion concemii^ t}ie rays 
of the Sun producing beat ? - * v 

Is the body of the Sim supposed tq be i^iahit^ f 

With what is its dark opaque body surrounded i 
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SECTION FIFTH. 

PHYSICAL CAUSES OF THE MOTIONS OP THE PLANETS. 

From the uniform pngectile m<)tiOtt of bodies'^ in 
straight lines, and the umrerisal jtowcr of attraction 
which draws them off fVom &€s$e tiDe^, the ciinfilineal 
motions of aH the planets arise. If a body be inxgected 
in a right Mne in open space, and meeting with noVe- 
sistance, it would continue iforever to move with the 
sami^ veioci^i SLlid'in the stunt direction. But when 
this projectite force is acted upon by any attracting bo- 
dy, with a pow'eir dcfty adjusted, and perpendicular to 
its motion, it wiH then be drawn irom a straight line 
and forced to revolve round t^e centric Of atltactibn in 
a circtilar form. ' Bttt when Ae projectfle force first 
^en exceeds the attracting ibrcej the cehtrifugid force, 
or r^ndehcy to fiy- off ha a tkngent, h arrast^d by the at- 
tractive power, and theteforie its vclocily beeomes.con- 
tiaua^ tiidre«nd more Impeded, tintQ the attracdve 
powa^ ha^ acqiSfed^ n greater influence, and then its 
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70 Physical cau$e$ of the Motions of the Pbmeta. See. i 

motion becomes gradually accelerated with a tendencjr 
to approach nearer to its point of attractiop, and con- 
sequently the moving body forms an eOiptical orbit. 

It is readily perceived, that, in two points in the or- 
bit, the centripetal and centrifugal forces are equal, and 
that when its motion is both accelerated and retarded 
by the attractive power, it must of necessity pass over 
equal areas in the same space of time. 

As the planets approach nearer the sun, and recede 
farther from him in ^YCfyrevolutiony there may be 
some difficulty in conceiving the reason, why the pow- 
er of gravity when it once obtains thp victory over the 
projecule force, does not bring the planets continually 
nearer the sun inej^ry revolii^ontXill they i^l uf^ ^nd 
unite with Nm.. Px why the pr^yectite for^^e when it 
once gets the better pf gravity, 49^? ^9^ ,cplitiu*ie Ip 
carry thfi pifineta. farther frpiu the suq, till it r^f^PF^ 
th^\n quite out of the sphere of his fittra^tion aod j;q, oq 
in straight lines forever ^ftecwardf? or wh^a the ..pen? 
trlpetal ^d centrifMgdl forces 9^ J^o^ ^hy it dipes npt 
commence mpviiig 00* in the farpi of a perferct c|r(^e« 
By considpring^he pfTccts pf th^ . pc^i^ers j|ctipg on 
each other according to tbp pneqpding description^ tbp 
difficulty wUI be at QQpe .removed. 

A double projectile force will alwayabalancf^ a qaeid- 
ruple power of gravity, and when a plajict is put jn 
motipn by projectile force, whether t^ v^lopi^..with 
which it moines be ri^pid or SI0W9. itis pon^ji^u^lly rfiStis- 
ted by the atdrac||o|^ .of tlbe BHVh <W 'C;Pm^49^0t)jr 
moyesi slower,, )Mti|. tha ppwe^ pf. a^»ctio9 hai 
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gftined fiie ascemiency ; its motion then becomes ac- 
cekftoted bjp Ibe eentrtpetal power acting on the planet, 
until inrvelOfcitf becomes equal to the projectile force 
With ithlehitnwi^£ret pot in motion. Therefore it 
mMt eeatiMM t^ rewilw in an elliptical orbit as before 
stjsitefi; And wh«h (b#ie two forces are equal on the 
bodty in oiotimi^ they nevir act at right angles, but in 
meh aemie mBgies^ tbiit the planet is moving with such 
veloeky^ tiuit theaseeoi^ncy i$ inatantly obtained. In 
order to laake.the p^ectile fiwee Mance the gravita* 
ting power so exacity, aes that the body may rooYe in a 
cirde, tha prt^iwiife yelod^ of tke bocfy must be such 
as it woidd hav« afiquiiE^dr by grafity afa»0, in falling 
through half the, |»4ias of th^ oirole. 
. By tbe above jmuipiiQ^ ldw> Jbo4i€« wiU aiov« in aH 
kimtsof clHpf!^ ^N''^ whoihM loag.Qr8faort ; if the 
spaces ;in^ whicfa^ thaj^-mpve ia tb^ longer eUi|ises have 
so muoh^th^ lef&s fH[<^octile f^rce iquprasse^ «poa them 
in the higher parts of their orbits^ wd their yiqlocities in 
comidgyg down, towards Ui^ son, arp 50 prodigiously in- 
crease by his «^^^on, thattt^eir centrifuge forces 
ioth^Ipfiyer parts, af their orbits are so great, as Co 
overcome the j^p^s attraction there,, and cause them to 
ucendagain towards the highe^part^ of their orbits; 
during which, th^ sun's attrisictiojti acting so cqntrary to 
the motions of those bodies, causes them to move slow- 
er and slower until the projectile forces are diminished, 
almost to nothiagf and then they are again brought 
fcadc by the suifs attractfon as before. 

If the projectile forces of all the planets (and like^ 
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wise those comets, whose mean cfotratces ihH» the 
sun have been ascertained,) were destroyed at their 
mean distances from the sim; thieir gravkies 
would bring them down, so thi^ Mercury woirid fell 
to the sun in 15 days and 13 Iwmwr; Vewwia S9ihrf» 
and 17 hours ; the Earth or Moon ib 64 days aftd 10 
hours ; Mars in 121 days ; Jupiter m 299 ^^iiyn% SsA^ 
urn in 767 days; and Herschel in 5406 da^^ tiie 
nearest comet within the oriitts 0f the pknets in 13,* 
000 days; the ttiiddte«iost in t^OOO days, a^d the 
outermost in 66,000 deiys; The Meoa would fall to the 
earth in 4 days and 20 hours, JF^fnters first moon 
would fidl to him in 7 hours ; his seieond in 15 hours; 
his third in 30 hours ; and his fimtth in 71 houi-s.^ — 
iSaturnii ft^st mocm would - fidl to him in S hours, his 
second in 12" hours ; Ms 3d ill 19 homv; hk 4th hi 66 
hours; his 5 in 3»6 houfs. A stbne would fi^^ the 
earth's centre if l^re weretmhoHow pasBsage fe2! 
minutes and 9 secowis*; 

The rapid mentions of the moons of Jupiter a»d Sat- 
urn round their primaries, demonstrate that these two 
planets have stronger attractire pbwer than the earth ; 
for the stronger that one body attracts another, the 
greater must be fihe projectile force, and consequent- 
ly the force of the other body must be increased to 



* The tcpitres of ^ timet, tbat any pUmet would fail to the dun are as 
M the cubes of iMr diitaiiee»: or audibly the tiaeof a whole TOV<dih- 
tion by ,0176766 the piodttei will be the tine in whi^h the pkmet woqU 
foil to the itan* 
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keep it from falling to its central planet. Jupiter's 
second nux)n is 124,000 noiiles farther from Jupiter 
than our Moon is from us ; and yet this second Moon 
goes ahiiGet 8 times around Jupiter, whilst our Moon 
goes cmce round the Earth. What a prodigious at- 
tractive powcyr must the Sun then have, to draw all 
the planets and satellites of the system towards him, 
and what an amazing power must it hare acquired to 
put all these planets and moons into such rapid motions 
at first. Amazing indeed to us, becaAse impossible to 
be eflfected by the united strength of all the created be- 
ings in an unlimited number of worlds, but in no wise 
hard for the Ahnighty, whose Planetarium takes in the 
whole Universe, 

The Sun and planets mutually attract each other, 
the power by which they are thus attracted,Js called 
Gravity. But whether this power be niiechanical or 
not, is very much disputed* Observation proves that 
the planets disturb each other's motions by it, and that 
it decreases according to the squares qf the distances 
of the Sun and planets ; as great light which is known 
to be material, likewise does. Hence, Gravity should 
seem to arise from the s^ency of some subtle niatter, 
pressing towards the Sun and planets, and acting Uke 
all mechanical, causes, hf ccmtact But when we con- 
sider that the degree or force of Gravity, is exactly in 
proportion to the quantities of matter in those bodies, 
without any regard to their magnitudes or quantities 
of surface, acting as freely on their internal as exter- 
nal parts^ it appears toj»urpass the powers of mechan- 
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ism, and to be either the immediate agency ef the 
Deity, or affected by a law originally established, and 
impressed on all matter by him. That the projectile 
force was at first given by the Deity, is evident ; • ince 
matter can never put itself in motion, and all bodies 
may be moved in any direction whatevf r^ and yet the 
planets, both primary and secondary, move from west 
to east, in lines nearly coincident, while the Comets- 
move in all directions, and in planes very different from ^ 
each other ; these motions can be owing to no me- 
chanical cause or necessity, but to the free will and 
power of an intelligent Being/ 

Whatever Gravity be, it is plain that it acts every 
moment of time; for if its action should cease, the 
projectile force would instantly carry off the planets in 
straight lines from those parts of their orbits where 
Gravity left them. But the planets being once put in 
motion, there is no occasion for any new projectile 
force, unless they meet with some resistance in their 
orbits, nor for any mending hand, unless they disturb 
each other too much by their mutual attraction. 

It is found that there are disturbances among the 
planets in their motions, arising from their mutual at- 
tractions, when they are in the same quarter of the 
Heavens, and the best modern observeis find that our 
years are not always precisely of the same length. 

If the planets did not mutually attract each other, 
the areas described by them would be exactly propor- 
tional to the times of description. But observations 
prove that these areas are noliin jsuch exact propor- 
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tions, and are most varied when the greatest number 
of planets are in any particular quarter of the Heav- 
ens. ' When any two planets are in conjunction^ their 
mutual attractions which tSnd to bring them nearer to 
each other, draws the inferior one a little nearer to him ; 
by these meai|p, the figure of their orbits is somewhat 
altered, but this alteration is too small to be discovered 
4n several ages. By the toogI simple law, the diminu- 
ation of Gravity, as the square of the distance increas- 
es; the planets are not only retained inr their orbits, 
when whirling with such immense velocity around 
their central Sun ; but an eternal stability is insured to 
the ift>lar system. The small derangements which af- 
fect the motiofis of the Heavenly bodies, are only appa- 
rent to the eye of the Astronomer, and even these after 
* reaching a certain limit, gradually diminish, till the sys- 
tem regaining its balance, returns to that state of har- 
naony, and order which has preceded the commence* 
ment of these secular irregularities.- Even amidst the 
changes and irregularities of the system, the general 
harmony is always apparent ; and those partial and 
temporary derang^sients, which vulgar minds may 
seera to indicate a progressive decay, serve only to 
evince the stability and permanency of the whole. 

In c(mtemplati(Mi ol such a scene, every unperverted 
mind mu^ be struck with that astonishing wisdom 
which framed the various parts of the Universe, and 
bound them tog^her by one simple, yet infaUible law. 
In no part of creation, from the smallest ^insect to the 
highest seraph, has th% Supreme Architect of the Uni« 
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verse left himself without a witness ; but it is surely in 
the Heavens above, that the Divine attributes are most 
gloriously displayed. 



Interrogatioiis Iter ^ieetion Fiflb. "* 

From what s<»irce do the circular motions of the 
planets arise 1 

With what velocity would projected bodies continue 
;tQ move if they met with no resrstance ? 
" What is meant by the centrifugal force 1 
~ What is meant by centripetal force 1 
< Are the centripetal and centrifugal forces ever equal- 
while the planet performs its revolution round the 
Sun ? r 

When the power of Gravity exceeds the projectile 
force, why docs it not draw the planets to the Sun 1 

]!k^enthe projectile, or centrifugal force exceeds the 
attraction, why does it not fly off, and never return 1 

When these forces are equal, why do they not move 
in perfect circles 1 

What will a double projeptile force balance ? 

In whal case could the projectile be made to balance 
the gravitatipg power in such manner that the planets 
should move in a perfect circle 4 
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If tlfe centrifugal forces should at once be destroyed, 
iir what time would each of the planets fall to the Sun 1 

In what time would the Moon fall to the earth 1 

What rule for finding the time in which would they 
fall to the Sun? 

What do the rapid motions of the Moons of Jupiter 
and Saturn demonstrate? 

Do the Sun and planets continually attract each 
other ? 

Should gravity instantaneously imise, what would 
be the consequence ? 

Are the motions of the planets continually the same ? 

Do they ccmtinue to move exactly i^ the same path 
at every revolution ? 

By what simple law does gravity diminish ? 
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SECTION SIXTH. 

LiOHT consists of exceedmgly small particles of 
matter, issuing from a luminous body, as from a light- 
ed candle. Such particles of matter cdhstantly flow 
in every direction. By Dr. Neiwentyt?s computation, 
148,660,000,000,000,000,000,000,000,000,000,000,000, 
000,000 particles ofUghtin one second of time flows 
from a candle, which number contains at least 6,337,- 
245,000,000 times the number of grains of sand in the 
whole earth; supposing 100 grains of sand to be equal 
in length to an inch, and consequently every cubic 
inch of the earth to contain one milUon of such grains. 
These amazingly small particles, by striking upon our 
eyes, excite in our minds the idea of light, and if they 
were as Jarge as the smallest particle of matter diseern- 
ible by our best itoicroscopes, instead of being servicea- 
ble to us, they would soon deprive us of sight by the 
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.^'^ On Ught and Heat. 7Q 

force ISrising from their immense velocity, which is 
computed at nearly two hundred thousand miles in one 
second.* 

When these small particles flowing from a candle, 
fall.upon bodies, and are thereby reflected to our eyes, 
they excite in us the idea of that body, by forming its 
image on the retina, f Since bodies are visible on all 
sides, light must be reflected from them in all direc- 
tions. A ray of light is a contid|^^tream of these 
particles, flowing from any visibleHSody in a straight 
line. That the rays move in straight, and not in crook- 
ed lines, (unless they be refracted J is evident from bo- 
dies not being visible if Vre end^vor to look at them 
through the bore of a bended pipe ; and from their 
ceasing to be seen by the^ interposition of other bodies, 
as the fixed stars, by the interposition of 'the Moon 
and planets and the Sun wholly, or in part^ by the in- 
ter position of the Moon, Mercury or Venus. 

'^here is no physical point,(says Melville,) in the vis 
ible horizon which does not send rays to every other 
point; no star in the Heavens, which does not s§nd 
light to every other star. The whole horizon is filled 
with rays from every point in it ; and the whole visible 
Universe with a sphere of rays from every star. In 
short, for any thing we know, there are rays of light 
joining every two physical points in the Universe, and 



* Light passes from tlie Sun to Hbe Earth in 8 minutet and 7 Becond«> 
which is 195,072 miles in one second of time. 

t A fine net work membrane, in the bottom of the eye. 
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that in contrary directions, except when opaquebodies 
intervene* A ray of light coming from any of the fixed 
stars to the human eye, has to pass in etery part of the 
intermediate space between the point from which it 
has been projected, and our solar system, through rays 
of light flowing in all directions from every fixed star in 
the Universe, and in ti^aching this earth ; it Itfts jj^assed 
across the whole ocean of the solar light, and that which 
is emitted frorp tlMy)lanets, satellites and comets. Yet 
in this course, its pji^ress has not been intercepted. 

The densities and quantities of light, received upon 
any given plane, are diminished in the same proportion, 
as the squares of the 4istances of that planet from the 
luminous body are increased ; and on the contrary, are 
increased in the same proportion as these squares are 
diminished. * 

'When a telescope magnifies the disk of the Moon, 
and planets, they appeal^ more dim than to the bare 
eye ; because the telescope cannot increase the quanti- 
ty of light in the same proportion that it caA magtiify 
the surface, and by spreading the same quantity of light 
ov*i" a- given surface, it appears more dim, than when 
beheld with the naked eye. 

When a ray of light passes out of one medium into 
another, it is refracted, or turned out of its course more 
or less, as it falls more, or less obliquely on the refrac- 
ting surface which divides the two mediums. ^ 

This jpay be proved by several ' experiments. In a 
basin, place a piece of money, or any metalic sub- 
stance, and then retire from it till the edge of the basin 
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hides the meney from your view^ then keeping your 
head steady, let another pour water gently into the ba- 
sin, and as thelmsin fills with the water, more abd more 
uf the substance of the bottom will come in sight, and 
when the basin is filled, the substance at the bottom 
will be full in view, and appear as if it was lifted up ; 
for tha yay which was straight wfaflfe the basin was emp- 
ty, is now bent at the surface of the water, and turned 
out of its natural course into an aujj^r direction, and 
the more dense the medium is, thel^jb light is reflect- 
ed in pasting through it. 

The earth is surrounded by a thin fluid mass of mat- 
ter, called the Air, or Atmo8ph|^£, which gravitates 
to the earth, revolves with it in its diurnal morion, and 
goes with it round the Sun every year. This fluid is 
of an elastic and springy sature, and that part next the 
earth being compressed by the weight of all the air 
above it, is pressed dose together, and therefore is the 
most dense at the surface of the earth, and gradually 
rarer the higher you ascend. 

It is well known, that the air near the surface of our 
earth possesses a space about nine hundred times great- 
er than water of the same weight, and therefore a cyl- 
indric column of air nine hundred feet high, is of equal 
weight with a cylinder of water of the same diameter 
one foot high. But a cylinder of air reaching to the 
top of the atmosphere, (45 miles,) is of equal weight 
with a cylinder of water about 33 feet high, and there- 
fore, if from the whole cylinder of air, the lower ^wut 
of nine hundred feet high, is taken awayj, the upper part 
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remaining, will be of equal weight with a cylinder of 
water 32 feet high. ""^ Therefore, at the height of nine 
hundred feet, the weight of the incumbent airj is less, 
and consequently the rarity of the compressed air is 
greater^ than neair the earth's surface in the ratio of 33 
to 32. 

The weight of the**air at the cartb^s surface, is fouhcf, 
by experiments made with the air pump, and also by 
the quahtity of nM|wiry that the atmosphere balances in 
the barometer, SPt^hich, at a mean state, the mercury 
stands 29 and \ inches high. And if the tube were a 
square inch at the base, and of equal size to the 
top, it would, at that tcight, contain 29 and h cubic in- 
ches of mercury ; which is just fifteen pounds, and con- 
sequently every square inch of the surface of the earth, 
sustains a weight of 15 pounds; every square foot 2, - 
160 pounds, at this ratio, and when the mercury is at 
that height in the barometer, every copimon sized man 
sustains a weight of 32,400 pounds, (the area ofthe sur- 
face of his body being about 15 square feet) of air all 
round; for fluids press equally up and down, and on all 
fiidcs. But because this enormous weight is equal on 
all sides, and counterbalanced by the spring ofthe air 
diffused through all parts of our bodies, it is not in the 
^east degree felt by us. 

The state ofthe air is such many times, that we feel 
ourselves languid and dull, which is generally thought 
to be occasioned by the air*s being foggy and heavy a- 
boul us. But at such times,- the air is too light. The 
truth of this assertion, is known by the sinking ofthe 
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- mercury in the barometer, and at ^se times, it is gen- 
erally forind that the air has not suflficient strength to 
bear up the vapors which compose the clouds ; for 
when it is otherwise the clouds ascend high, and the 
air is more elastic and weighty about us, and by these 
means, it balances the internal spring of t];ie air within 
us, braces the nerves and blood vessels, and makes us 
brisk and lively. 

It is entirely owing to the state of iheatmosphere,that 
the Heavens appear bright even in the day time. For, 
without an atmosphere, only that part of the Heavens 
would shine in which the Sun was placed, and if we 
could live without air, and should turn our backs to- 
wards the Sun, the whole Heavens would appear as 
dark as in the night ; and the stars would be seen as 
clearly as in the nocturnal sky. In this case, we should 
have no twilight, but a sudden transition from the 
brightest sunshine to the darkness of nighl, immediate- 
ly after Sun-set, and from the blackest darkness to the 
brightest Sun-shine at Sun-rising. 

But, by means of the atmosphere, we enjoy the Sun^s 
light reflected from the aerial particles for some time 
before]]he rises, and after he sets. When the earth by 
its rotation, has withdrawn our sight from the Sun, the 
atmosphere, (being still higher than we,) has the Sun'# 
light imparted to it which gradually decreases until he 
has descended 18 degrees below the horizon, and then 
all that part of the atmosphere which is above us is dark. 
From the length of twilii^t, Dr. Heill has calcu^ted 
the height of thtfagnospbere (so far a8|t is sufiQrcientljr 

t 
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dease to reflect any light,) to be about forty-four iniles« 
high. But it seldom is sufficiently dense at two miles 
height to bear up the clouds. 

The atmosphere refracts the rays so as to bring him 
in sight every clear day before he rises in the horizon, 
and to keep him in view for some minutes after he is 
really set below it For, at some times of the jwar, we 
see the Sun ten minutes longer above the horizon than 
he would be, if there were no refractions, and about six 
minutes every day, at a mean rate. 
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Interrogatloiui for Section Slxf h. 

Of what does Light consist ? 

What would be the consequence, if the particles of 
light were sufficiently large to be discovered by our best 
microscopes. 

What is meant by the retina ? 

Is light reflected in all directions ? 

What is a ray of light? 

How is it ascertained that rays of light move in di" 
rect lines ? 

Is light reflected from the Moon to our Earth ? 

Is light sent from one star to another ? 

In what time does light pass from the Sun to the 
Earth ? 

How many miles per second is its velocity ? 

Are the rays of light passing from any luminous body, 
interrupted by those from any other 1 

Are the quantities of light received upon any given 
plane, diminished by being removed at agreater distance 
from that plane? 

In what proportion are they diminished ? 

'What apBf arance have the moons or planets, when 
their disks are magnified by the aid of a telescope ? 

When a ray of light pitfKs out of one medium into 
another, if it turned out of its former course ? 
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If it does, how can it be proved ? 

With what is the earth surrounded ? 

What is the nature of this fluid ? 

Is it capable of being compressed 1 

Is it more dense at the surface of the earth, than some 
distance above ? 

How much Iftavier is water than atmospheric air ? 

What is the me(sn height of the atmosphere ? 

By wlmt meansis the weight of air at the surface of the 
earth, found ? 

What is the weight of air on every square inch ? 

How many pounds on a^ square foot ? 

How many on the surface of the body of a common 
nsized man ? 

In what kind of weather is the air lightest 1 

How is it proved ? 

In what kind the heaviest ? 

At what height may the clouds be borne by the density 
oi the atmosphere? 

How is air rarified ? 

By what is the Sun discovered, when he is in reality 
below the horizon ? 
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SECTION SEVENTH. 

TO FIND THE DIAMETER OF THE EARTH, AND THE DISTAN- 
CES OF THE SUN AND MOON, AND THE DISTANCES 
OF ALL THE PLANETS FR0]4l THE SUN. 

It has been observed that a person at Sea, and ex- 
actly under the' equator, discovers both the north and 
south polar stars, just rising in the horizon. There- 
fore as you advance towards either pole, the star will 
appear to rise higher in the horizon, and if you advance 
ten degrees from the equator towards the north pole, 
the polar star will there be ten degrees above the ho- 
rizon, and consequently, if the angle of the elevation 
of that star be taken at any place, the number of de- 
grees of its elevation, will be equal to the north lati- 
tude of the place where the elevation was taketi. It 
has been ascertained by actual measurement, that one 
degree of the surface of the earth contains 69 m^^ 



NOTE — Persona unacquainted withTrigonometry, may pass oYepihis 
Section, as they will not be capable pf forming. correct ideas of the meth- 
ods of finding the acci|rate distances, and Uierefore must take tho Pfaiioso^ 
pher'fwori. ^ 
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miles nearly. Then, as one degree is to 69 and J 
miles, so is 360 degrees to the circumference of the 
earth. The diameter can then be fomid by the follow- 
ing proportion ; as 355 is to the circumference, so is 
113 to the diameter. 

Let a large^raduated instrument having a more 
able index, with sight holes, be prepared, in such man- 
ner, that its plane surface may be parallel to the plane 
ef the equator, and its edge in the meridian, so that 
when the Moon is in the equinox, and on the meridian, 
she may be seen through the sight holes when the 
edge of the moveable index cuts the beginning of the 
divisions on the graduated limb, and when she is. so 
seen, let the precise time be noted. As the Moon re- 
volves about the earth from any meridian to the same 
again in 24 hours and 48 nodoiutes, she will go a fourth 
part round it in a fourth part of that time ; namely six 
hours and 12 minutes as seen from the earth's centre 
or pole : But, as seen from the observer's place on the 
earth's surface, the Moon will seem to have gone a 
quarter round the earth, when she comes to the sensi- 
ble horizon ; fiw the index through the sights of which 
she is then viewed, will be 90 degrees from where it 
was when she was first seen. Let the exact moment 
when she is in, or near the sensible horizon be careful- 
ly noted,* that it may be known in what time she ha$ 



• Here proper aUowaacef mutt be made, (for the reiiractkm being 
aboat 33 mkuitef of a degree in the horiiw,) will cauie the Mooa'a c^tre 
to appear 38 minutes abore the hpHb^nf when her centifS is reafljin i^. 
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gone through 90 decrees, as seen by the observer on 
the surface ; suUract this time, from the aforesaid six 
ho«ir6 aod 12 nmmtes, aad the remainder is the time 
that'Sheis moTiag in her €>rl»t, from a tangent, touch- 
ing the earth's suriace, to a parallel line drawn from 
the earth's centre ; which afibrds an easy matter of 
finding the Moon's horizontal parallax, which is equal 
to an ai^le made between the last mentioned line,^nd 
aaothiu* drawn from the observer to the centre of the 
Mooug as seen from, the centre of the earth or poles. — 
Then, as the afore mentioned remainder is to 90 de- 
grees, so is 6 Ik; UPS 12 minutes^ US the nimiber of de- 
grees which measures the arc; subtract 90 de- 
grees from this arc, and the remainder is the angle un- 
der which the earth's semi-diameter is seen from the 
Moon« Since ail the angles of a right angled triangle 
are equa) to two right angles, or 160 degrees, and the 
sides of a plain triangle are always proportionate to the 
sines of their opposite angh s ; say, (by Trigonometry,) 
as the sine of the angle at the Moon, is to the earth's 
semi-diameter, so is radius, (or sine of 90 degrees,) to 
its opposite side ; which ^ the distance from the obser- 
ver to the Moon, or subtract the angle at the Moon from 
90 degrees, then say as the angle at the Moon, is to 
the earth's semi^diameter, so is this remainder, to the 
distance from the centre of the earth to the Moon ; 
which comes out at a mean rate 240 thousand miles. 
The Sun's distance from the earth might be found in 
the same manner, if his horizontal parallax were not 
so small as to be hardly perceptible, being 8,63 
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seconds,* while the faorizofital partfiast of the Moon is 
57 minutes and 18 seconds* Therefore, tofiad the dm- 
tjince to the Son, say by mngteproportioA^as t^ S«&\b 
horizontal parallax, (8,6S secoiids,)|i8 to the distmee 
that the Moon is from the ^rth, (240,600 mites,) so is 
the Moon's horizontal paralfex, (57 miniites and 18 
seconds,) to the distiince ^tke Srai from the earthy 
which gives in round numbers, 95 miflicHiis of mfles^ 

The Sun and Moon appciir nearly of the same siise 
as viewed from the earth, and erety person who un- 
derstands ^Trigonometry," knows how their true mag- 
nitudes may be agcertaineS from^the apparent, when 
their true distances are known. 

Spheres are to each otter, as the cubes of their di- 
ameters. Whence, if the Sun be 96 millions of miles 
from the earth, to appear <rf equal size with the Moon, 
whcss distance is only 240 thousand ; he must in solid 
bulk, be 62 millions of times larger than the Moon. 

The horizontal parallaxes are best observed at the 
equator ; Because the heat is so nearly equal every 
diy, that the refrac^ns are almost constantly the same, 
and likewise^ because the parallactic angle is greater 
there ; the distance from thence to the earth's axis, 
being greater than upon any parallel of latitude. 

The earth^s distance from the Sun being determin- 
ed, the distances of aH the other planetis are easily 
f jund by the following analogy ; their periodical rev- 



* Ascertained from the transits ofTenus across the Sun's disk, in the 
years 1761 aiid 1769. 
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olutioos around him, bein; obtained^by observation. — 
As (te square ei tlie birth's period round^the Sun,is to 
the cttbeof ite dMtance fnmi that luminary, so is the 
square of tibe perkxl of miy other planet, to the cube of 
its distance, in such parte or measures, as the earth's 
cfetance ifvas taken* This proportion gives the relative 
mean distances of the plants from the Sun to the 
greatest degree d* exactnsss* 

The earth's axis produced to the stars, and being 
carried parallel te itself during the earth's annual rev- 
olution, descrS)es a circle in the sphere of the fixed 
stars, equal to the earth's orbit This orbit, though 
very large, would seem to be no larger than a point, 
if it were viewed from the irtars, and consequently, the 
circle described in the sphere of the stars, by the axis 
of the earth, produced, if viewed from the earth, 
must appear as a point ; its diamater appears too little 
to be measured by observation. 

Dr. Bradley has assured us, that if it had amounted 
to a single second, or two at most, he should have per^ 
ceived it in the great number of observations he has 
made; especially upon Dr^conisyiP^ star of the third 
magnitude,) and that it seemed to him very probable ' 
Hiat the annual parallax of this star, is not so great as 
a single second, and consequently that li is more thafi 
four hundred thousand times further from us than the 
Sun. If we suppose that the parallax of the nearest 
fixed star is one second, and that the mean distance of 
the earth from the Sun, is 95 millions of miles, we 
shall have a right angled triangle whose vertical angle 
is one second> and whose base is 95 millions of miles to 
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find its side^ or distance of the star i which would es- 
ceed 20 billions of miles, adistenee througib which light 
although travelling at the rate of tw^'bandred thottSMid 
miles in a second, could t^t pMaon thrae jears. If tba 
brightest star in the HeaveBs iaplaoed &t 6uch mt im 
mense distance from our. system, what aa inuneasure- 
able interval must lie between jos and those miiuUe 
stars, whose light is scarcely visible by the aid of the 
most powerful telescopes. ' Many of them are^ per- 
haps so remote, that the first beam of light which they 
sent forth at their creation, has not yet arrived within 
^ the limits of our system. While other stars which have 
disappeared, or ha\^ been destroyed for many centu* 
ries, will continue to shine in the Heavens till the last 
ray which they emitted, has reached the earth which 
we inhabit 

The mean distances of the planets from the Sun, and 
their apparent diameters as seen from that luminary, 
being found, the diameters of a}l the planets can be as- 
certained by Trigonometry ; thus — Subtract the angle 
or ap^i^nt diameter of the planet as seen from the sun, 
from 180 degrees, atyl half the remainder will be the an 

• gle at the disk of the planet; then as the sine of the angle 
^ at the disk is to the distance of the planet from the Sun^ 

io is half the angle at the Sun to the semi-diameter of 
the planet. 

The small apparent motion of the stars discovered 
by that great Astronomer, (Dr. Bradley ,) he found 
to be owing to the aberatioa of tbeif light, which can 
rwuU from no known orase^ exeepi; that of the Mgth'9 
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annoal nra^on, as it agrees so exactly therewith, it 
proves beyond dispute that the earth has such a mo- 
tiOB ; fyr this aberatioi> cow^lekids all its various phe- 
nomena every year, aod proves . that the velocity of 
star-light is snch as carries it through a space equal to 
the Sun's distance from us, in eight minutes and seven 
seconds of time. Hence the velocky of light is about 
1 0,3 13 times as greai as tfae earlb's velocity in its or- 
bit, and consequently nearly two hundred thousand 
miles ki one secxmd of tjoie* 



Interrosatloas for Section Seventb. 

From what place can the North and South Poles 
both be seen 1 

Where will they appear 1 W^ 

What is an angle of elevation ? 

Suppose the north polar star is elevated 43 degrees 
above the horizon, what is your degree of latitude ? 

How many miles constitute a degree on the surface 
of the earth 1 

How is that known ? 

How many degrees in a circle 1 

How is the x^ircumference of the earth found 1 

How tlie diameter 1 
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In what time does the Moon revolve about the earth 
from any meridian to the same again ? 

What is meant by the Moon's horizontal parallax 1 

How is the distance to the Moon found ? 

How is the distance to the Sun found ? 

What proportions do sc^ bodies bear to each other ? 

When the distance from the earth to the Sun is 
found, how is the dii^nce from the Sun to the other 
planets ascertained 1 

By what method are the |»eriodical revolutions of 
the planets ascertained ? 

How are the periods ascertained of their revolutions 
on their own axis 1 

Why cannot the exact distance to the fixed stars be 
found ? 

How are the diameters of the planets ascertained ? 

How the diameter of the Sun ? 
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SECTION EIGHTH. 

OF THE EiUATION OP TIME, XND PRECESSION' OF T« IE 
EQUINOXES. 

The Stars appear to go around th6 earth in 23 hours 
56 minutes and 4 seconds, and the Sun in 24 hours. 
So that the stars gain 3 minutes and 56 seconds upon 
the Sun every day ; which amounts to one diurnal rev- 
olution in a year, or 365 days, as measured by the 
returns of the Sun to the meridian; there are 366 days 
as measured by the stars returning to it. The former 
are called solar days ; th^^^ter sydereal. 

The earth's motion ob its axis being perfectly uni- 
form, and equal at all times of the year ; the sydereal 
days are always precisely of an equal length, smd so 
would the solar days be if Jhe earth's orbit were a per- 
fect circle, and its axis perpendicular to it. But the 
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earth's diurnal motion on an indined axis, and its an- 
nual motion in an elliptical orbit, cause the Sun's mo- 
tion in the Heavens 1U> be unequal ; for sometimes he 
revolves from the meridian to the meridian again in 
somew^hat less than 24 hours; shevi^ by a well regu* 
lated clock, and at other times in somewhat more ; so 
that the time shown by a true going cjock, and true 
Sun-dial is never the same ; except on the 15lh day of 
April, the l€th of June, the 31st of August, and the 
24th day of December, The clock, if it goes equally 
true during tlie whole year, will be before the Sun 
from the 24th of December till (he 15th of April; from 
that time till the 16ih of June, the Sun will be faster 
than the clock. ^ 

The point where the Sun is at his greatest distance 
from the earth is called the Sun's apogee. The point 
where he is at his least distance from the earth is cal- 
led his perigee ; and a straight line drawn through the 
earth's centre from one of those points to the other is 
called the line of the apsides. 

The distance that the Sun has gone in any time from 
his apogee, is called his mean anamoly, and is reckoned 
in signs, degrees, minutes and seconds, allowing 30 
degrees to, a sign. ^^ 

OF THE PRECESSION OF THE EQUINOXES. 

It has been observed, that by the earth's motion on 
its axis, there is more matter accumulated around the 
equatorial parts than anywhere else, on the surface 
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ofthecartk. The Sun and Moon, by attracting this 
redundencjr of tuaftpr, bring the eonator sooner under 
them in evc^y return towards k, than if there were no 
stieh accomiilaticm. Therefore if the Sun sets out as 
from any star, or other fixed point in the Heavens, the 
motbent when he is departing from the equatorial, or 
from either tropic, be wiH come to the same eqtiraox or 
trbjric again 20 miitutes and 17 and | seconds of time, 
or 50 geconds of a degree, befbre he completes his 
ctwirse so as to arrive at the same fixed s«ar, or point 
from whence he set out. For the equinoxial points re* 
cede 60 seconds of a degree westward every year, con- 
trary to the Satins annual progessire niotion. 

When the sua arrives at the same equinoxial,* or sol- 
stifial point, he finishes what is called the tropical 
year ; which by observation is found to contain 365 
days, 5 hours, 4& minutes, and 47 seconds, and when 
he arfivcs at the same fixed star (tgaiti, as seen from the 
earth, he completes the [sydcreal year, which contains 
365 days, 6 hours, 9 minutes 14 and | seconds. 

The sydereal y ear is therefore 90 minutes 17 and | 
seconds longer than the solar, or tropical year, and 9 
mimjtes,l4 and | seconds longer than the Julian or civil 
year; which Wc state at 365^|||^s,'6 hours. « 

As the Sun describes the whole ecliptic, or 360 de- 



* The two opposite points in which the ecliptic croem the equinox 
are called the equinoxial points, and t{ie two points where the ecliptic 
touches the tropics, (which are likewise opposite, and 90 degrees from 
the tropic,) are called the solstitial points. 
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grees in a tropical year, lie onoves 69 miiiotes* 8 sei^wdb 
of a degree every day, at a oiean rate } therefore he will 
arrive at the same equinox or solstice; when he is 60 sec- 
onds of a degree short of the same star or fixed point 
in the Heavens, from which i)e set out in.tbe y^r be^ 
fore. So that with respect to the fixei) stws, the Sun 
and equinoxial points fall back 30 dejprees in 2,160 
years, which will make the stars appear to have gone 
SO degrees forward with respect to the signs of the eclip* 
tic in that space of time ; for the same, signs always 
keep in the same points of the ecliptiQ^ without reg^ 
to the constellations. 

' The Julian year exceeds the solar by 11 nunutes 
and 3 seconds, which in 1^438 years amount 
to eleven days, and so much our seasons had fallen 
back with respect to the days of the months since the 
time of the Nicene Council, in A. D. 326, and thwefore 
to bring back all the feasts and festivals to the days then 
settled^ it was requisite to suppress 11 nominal days.*^- * 
And that the same seasons might be kept to the same 
time of the year, for the future to leave out the bissex- 
tile day in February, at the end of every century, not 
divisible by four, reckoning them only common years, as 
the 17tI^18tb, and 19th centuries; namely, tlie years 
1700, lloo, and 1900, ^e. because a day intercalated 
every fourth year was too much, and retaining the bis- 
sextile at the end of those centuries of years whicii are 



* The diflerence in the i»«s£nt century, between the <M and new itjlef^ 
itweliredtye. 
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• 

divisible by four, as the years 1600, 2000, 2400, && 
otherwise in length of time, the seasons would be quite 
reversed with regard to the months of the year ; though 
it would^ have required near 23,783 years to have 
brooght about such a total change. If the earth had 
exactly made 986 and | diurnal revolutions on its axis^ 
whilst it revdNred from any eqraMairi or sdslftial point 
to the same agdn, the civil and solar years would al- 
ways%WFe kffpt pace toj^Aer, wad the 9tyle would 
never have needed any alteration. 
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Iq yv\m Ikue do ifae star* mpnew to •a nmtA the 
Earth? 

In what time d6ei the Son appear to go roand the 
Earth ? 

In what time do the stars gain one revolution 1 

How many dajs in a solar year ? 

How many in a sydereal ? 

Is the moUon of the earth on its own axis uniform at 
all times of the year? 

Are the sydereal days always of the same length ? - 

Is die S«u's apparent diameter in the Heavens\lwavg 
equal 1 

On what day. ofthj year are the Sua and dock 
together ? 

Between what period^wiU the clock be before the 
Sun? ^ 

Between what periods will the Sun be before the 
clock ? 

What is called the Son's apogee ? 

Wlipt his perigee ? 

What the iwe of the Apsides ? 

What is meant by the Sun's mean anamoly t , 
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How is his mean anamoly reckoned ? 

What is meant by the precession of ihe equinoxes 1 

Is there more matter accumulated at the equator than 
at any otl^gr {>art.ol the earth 1 

What is the cause of such accumulation ? 

What is die Equator 7 

What eff^t is produced by this accumulation of 
matter? 

Haw many seconds of a degreo do the equinoxial 
points recede westward every year ? 
' What are meant by the equinoxial points 7 

What the solstitial ? 

Which is the ]oiig|eft, llie qrdereal <3r solar year, and 
how much ? 

How mdny 4^raes will, ^.equiumtal points fall 
back in 2,160 years? 

Do the same signs always ke^ in the same pc^ncs of 
tbeediplie? 

.Which l&iheioiigwty th«t Juiis^or the Mtar year, and 
how much? 

How maiQr^iaya differMroe will this nmke in l.ASS 
years ? 

In whatyearoftheChrisluii^ara was tiie Coundl of 
Nicehjgld? ^ 

^ Whatcen^ries were to be leftp years? ' . 

What is the difference between the old and new styles 
in the present century? . . • 
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SECTION KINTH. 

By lookin^at tlie Moon with an ordinary telescope^ 
we perceive that her surfitce is diversified with k^ 
tracts of prodigious high motintatnS) and dark cavities. 
This ruggedness of. the Moon's sur&ce is of great tise 
to us, bj reflecting the Sun's light to all sides ; for if 
4he Moon were smooth and polished, she could neveir 
distribute-the Sun's light aB around. In some positions 
she would shew us his image no larger than a point, 
but with such lusture as would be hurtful to our eyes. 

The Moon's sur&ce being so uneven, many have 
wondd^ed why her edge does not appear jagged, as 
well as the curve, bounding the light and the dark pla- 
ces. But if we consider, that what we call the edge of . 
the Mbon^s disk is not a jiingle line, set round with # 
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moimtaiiiSy m which case k would appear irregularly 
iodeated, but a large ^ne, Hfetving many mountains ly- 
ing behind each other from the observer's eye, we 
shall find that the mountaias ipJKKtte roWs will be op- 
posite to Atb valtes in others, and and m fill up the in- 
eq[iialitie9» as to make her sqipear quite round. '^ 

The Moon bei^ an opaque spherical body, (for her 
hiUstakeoffnomore of her roundness, than the ine- 
qualities Oft the surfact of an orange take ofif from its 
roundness,) we can only see that part of her enlight- 
•en£^ half which is towards the earth. Therefore, 
when sl^ is in conjunction with the^Sun, her dark half 
is towards the earth, and she disappears ; -there being 
no light on that part to render it visible. When she 
comes to her first octant, or has gone over ope eighth 
fw^rt of her orbit from her conjunction, a quarter of her 
enlightened side is seep towards the earth, and she 
appears horned. When she has gone a quarter of her 
orbit from between the earth and Sun ; she shows us 
one half of her enlightened side, and then she is saidto' 
be a quarter old. When she has^one another octant, 
8rhe shows us noore of her enlightened side, and then 
she appears gibbous ; a»d when she has gone over hal^ 
her orbit, her whole enlightened side is towards the 
earth, and therefore she appears round : we then say 
it is full Moon, or the Moon is in opposition with the 
Sun. In her third octant, part of her dark sidH being 
towards the earthy she again appears gibbous, and is on 
the decrease^ In her third quarter, she appears half 
decreased. When in her fourth octant^ sh^ again ap- 
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pears horned. And after having coin[deted her course 
from the Sun, to the Sun %aki, she d]sa{^)ears, and we 
say it is new Moon. But when she is seen from tbe 
Sun, she appears always fuli 

The Moon's absolute motion frmi her ehange to her 
first quarter is so much slower than the earth's that 
she falls 240 thousand miles (equal to the serai-diame • 
ter of her orbit) behind the earth at her firrt quarter, 
that is, she falls back a space "^equal to her distance 
from the earth. From that time her motion is gradu- 
ally accelerated to her opposition or full, and then she 
is come up as far as the earth,* having regained what 
she lost in her first quarter, her motion continues ac« 
cel^ated so as to be just as fiir before the earth as she 
was behind it at her first quarter. But bom her third 
quarter her motion is so retarded, that she loses as 
much with respect to the earth, as is equal to her dis- 
tance from it, or to the semi*diameter of her orbit, aad 
by that means the earth comes up with her, and «he 
is again in conjunction with the sun as seen from the 
earth. Hence we we find that the moon's absolute 
potion is slower Jthan the earths from her third quar^ 
ter to her first, and swifter thaii the earth's from her 
first quarter to her third ; her path being less curved 
than the earth's in the former case, and more in the 
latter. Yet it is still bent the same way towards the 
sun ; f(fr if we imagine the concavity of the earth's 
orbit to be measured by the length of a perpendicular 
line let down from the earth's place upwi a straight 
line at the fuD of the moon^ smd connecting the pla- 
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cei^ of tbe earth at the end of the moon's first and 
third quarters ; thtt l^igth will be about 640,000 miles, 
and the moon when new only approaching nearer to 
the sun by^240,000 miles than the earth. The length 
of ttiepeq>>endieukrKne let down from her place at 
that time upon the same straight line, and which shows 
the ^soncarity of that part df her path will be about 
400,000 miles. 

Tht nioon's path being cottcave to the sun through* 
otrt, demonstrates that her gravity towards the sun at 
thetim^ fef her t^onjunction, exceeds her gravity to- 
wwthr#ie earth. And if we consider that the quan 
tity of matter in the sun, is nearly 230 thousand times 
a» great m the quantity Hlf matter in the earth, and 
thi^ the- attrttctioii of each body diminishes as the 
m|«aMs of tteir dii&tanees from each other increase, 
we «bill fiOOB find that the poif^ of equal attraction 
batei^e<» the earth and the sun is about 70 thousand 
m^ «eitrer the «arti), th»i the moon is at her change. 
It may then appear surprising that the moon does not 
dl»Mfu}on the earth wh^n she ks between it and the sun, 
for she is ecmsiderajbfy mi»re attracted by the sun, than • 
by the earth at tlM tkae. But this difficulty vanishes 
when we discover that a common impulse on any sys* 
temef hodie# aff^snot thetf rektive motions; but 
that they wiH continue to attract, impel or circulate 
^rottfiil <»ie anotber m ^e same manner, as if there 
wer# no suehimpube. . The mom is so n^irthe earth, 
aod bi^h of them so far from the sun, that the attrac- 
^ivv' power «f 4be mil nwy be eonsidered m equal oti » 
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both. Therefoje the tnooH will conf mne to circolttte 
round the earth in the same manner, as if the sun did 
not attract them at all. 

OF THE PHKNOMSNA OF THS HARYSST MOOIT* 

It is generally believed that the Moon rises about ^ 
minutes later every day, than on the precedii^ ; hvC 
this is true only to places on tlie eqxxsdM. In places 
of considerable latitu^» there is a ren^irkaUe diflfer* 
ence, especially in the time of the autumnal harvest, 
with which farmers were formerly better acquainted 
than Astronomers. 

In this instance of the Harvest Moon, as in many 
others discoverable by Airtronomy, the wisdom and 

» beneficence of the Deity is conspicuous, who reaMy or^ 
dered tbe course of the Moon, so as lo^bei^w more t>r 
less light on all parts of the earth, as their several cir* 
cumstances and seasons render it more or less ser^ 
viceable. 
About the equator, wl^re there is no variety of sea- 

« sons, and the weather seldom congas, except at sta- 
ted times ; moonlight is not necesssgry for gathering 
the produce of the ground, and there the Moon rises 
about 50 minutes later every day or night, thasi on the 
former. 

In considerable distances from tb» equator, where- 
the weather and seasons are more uncertain, the au- 
tumnal full Moons rise very soon after Sun-set, for 

. several evenings together. At tbepokr circles, where 
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the nxM season is of very sliort ^duration, the autumnal 
foU Moon rises at Son-set from the first to the third 
quarter: and at the poks, where the Siin is during 
half the year absent, the winter full Moons shine con- 
stantly, withimt setting frojn the first to the third 
quarter. 

It ist evident that tOU these phenomena are owing to 
the difierent angl^ made by the horizon, and difierent 
parts, of the Moon's orbit, and that the Moon can be full 
bi^<mee or twice ia a year^ in those p&rts^ of her orbit 
which rise with the least angles.* 

The plane of the Equinox is perpendicular to the 
earth's axis, and therefore as the earth turns round in 
fts diurnal revolution, all parts of the Equinox make 
eqval parts with the horizon, both at rising and set- 
ting ; SK> that equal portions of it always rise or set in 
equal times. Consequently if the Moon's motions ' 
wereequible, and in the equinox at the rate of 12 de- 
grees and 1 1 minutes fr<H» the Sun every day, as it is 
in her orbit ; she woiiM rise and set 50 minutes later 
every day than on the preiceding ; for 12 degrees, 11 
minutes of the equator rise or set in 60 minutes of 
tiflie in all latitudes. 

The dif^rent parts ef the ecliptic, on account of its 
dbliquity to the earth's axis, make very different an- 
gles with the horiison, as they rise or set. The^e parts 
ow signs, which rise with the smallest angles, set with 
the greatest, and rise vice versa. In equal times, 
whenever this angle is least, a greater portion of the 
^li^io rms^ tibaa when the angle i& larger, as may be 
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seen by elevating the pde 
of a common globe to any 
considerable latitude, and 
then turning it round on its 
own axis in the horizon 
Consequently, when the 
Moon is in those signs,which 
rise or set with the StOialtest 
angles, she rises or sets with 
the least difference of time, 
and with the greatest differ- 



ence in those n^im which 
rise or set with the greatest 
angles. On the parallel of 
London, as much of the 
ecliptic rises about Pisces 
and Aries in two hours, as 
the Moon goes through in 
six days, & therefore, when 
•the Moon is in these signs, 
she differs but two hours in 
Vising for six days together, 1 7 
that is about 20 minutes la- ^ 
ter every day or night, than '9 Piae#s* 
on the preceding at a mean^^ 
rate. Bftt in 14 days after- 2 1^ Aries, 
wards the Moon comes to 
Virgo and Libra, which are 23 Taurus, 
the opposite mgns to Rsces 
and Aries»«ind then she dif- 
fers almost four tiniea as 

much in rising ^namely : 

one hour and about 15 min- 



es?^ 

h m 



3 

4 
5 

6i 

7, 
8 
9 

10 

11 



ACR 



rCancer, 13fl 510 
2 26 1 IQO 

Leo, 101 14 
231 170 
Virgo, 61 160 

19 1 

Libra, 2 1 

15 1 

28 1 

Scorpio, 12 1 

25n 14 

I2ji«agitBri«s,8'l 

.211 

Capricorn, 4 1 

17|0 

16 Aquarius, 



50 
43 
37 
^2 
29 



22| 
23 
24 
25 

26 

27 
28|Cahcer, 










91© 

i«lo 



1 

14 

•S7 

10 

23 

7 
-20 



GemilRit 



29 

13 

26 

9 



1W0 

40 



46 
40 



351 



25 

17 
17 

24 
30 
40 
66 
00 



1*0 34 

150^^ 

150 18 

15 17 

15 22 

SO 

89 

47 

56 

5 

8 

12 

15 

16 

17 

16 

T5 

id 

15 

14 
13 

"7 
58 



utes later every day Or night than the former, whilst 
she is in these signs. Ttie' annexed table shows the 
(kily iuean di£fei<eiice oC the MoM'fi yiMft$ and s«ttia9> 
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on tl» parall"e! of LMdM, for 28 days, in which time 
th« Moon ftiisbes her period round the ecliptic, k gets 
Sd^rees i&to the mme sigD from the beginning of 
M*tch she set out K appears hf the taBle, that when 
the Wteonfer in Virgo Md L^bro, flke risea me hour and 
a ijoarter later every day than eftie rose on the former, 
and difers orriy 28^ 24, 28, 18, or 17 muiutea in setting. 
But when she comes to Pisces and Ariett, she is only 
90 or 1 7 miitutes la*er in rising. 

Ittftietime ^attiieModvi goes roimd the ecliptic 
from any eottjunction or oppositfon^, Hie earth goes al- 
most a sign fonfrard, and ^er efere the Sun will sf em 
tb go as for fbrward in ihttt time t (namely 27 and | 
degrees,) so tha* th€j Moon must go 27^nd *| degrees 
m:or^ than found, and as niuch farther as the Sun ad- 
vances in that rnferval ; which i^ 2 degrees and i be- 
fore she can be in conjunction with, or opposite to the 
Sun again. Hence, it is e^^ident, that there can be but 
one conjunction, or oppo^ilion tothe Suri arid Moon, in 
any particular part of the ' ecliptic in the course of a 
yeat. 

As the Moon can never be full but when she is oppo- 
site to the 8un, and the Sun is never in Virgo and Li- 
bra only in odr autirmnaf months; it is pfain that the 
Moon is never fiill in the opposite signs, t^isces and 
Aries, but in those two months. Therefore we can 
bavTC only two full Moons in the year, which rise so 
near the time of setting for a week together, as above 
mentioned. Thre former of these is called the Harvest 
Mood, Hae iaiwr the* Htinter's Moon. 
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In northero latiMdes, tlie aiitiMiial fidllSlaom we hi 
Pisces and Aries; aiKl Uie vernal full MooM ia ¥if9» 
and Libra,in southern latkudet jnat Uie reT^s^ because 
the seasons are eontrary* Bat Virgp and Labra riaet 
at as small asf^ wUb tbehoriwii'MSOiiUiern latUudes, 
as Pisces and Ari«s do in the nortbern } and tberefore 
the Harvest Moona are Jott as r^^ular oil one side of 
the equnHMT, as im the otber«. 

As these signs which rise with the kact an{^, set 
with the |^r«aleat ; the sevend liill Moons^ di&r as aauch 
in their times of rising everjr Bigbt^as-iha autumnal full 
Moons differ in their tiniea o£ setting f mid sc^ with as 
little diflference as tbe Mitojimal fnU Moons rise ; the 
one, being in all cases tbe reverse of the other* 

For the sake of pidnness, tbe Moon has been suppo* 
sed to move in tbe ecliptic from which the Son neve^r 
deviates. But the orlMt in which the Moon really moves 
is different from tbe ediptici cfoe half being elevated 5 
and ^ degrees above k, and the other half^ as much de^ 
pres^ below. The Moon's orbit ^reibre, intersects 
the ecliptic in two points diametFiealiy opposite to ewh 
other, and tbcs$ interseciions are caJlisd tbe Moon's 
Node9« The Moon can therefi^re never be in the ?clip< 
tic but wbcn she is in either of her Nodes, which is a^ 
least twice in every course^ and sometimes^ thrice. For 
as the Moon goes almost a whole sigfi more than roun4 
her orbit, from change to change, if she passim by either 
node about tbe tiine of her conjunctiont she will pasp 
by the <rther in about fpurieen days after^ aqd 
came round tothefornaer jiode two 4^^ai.iigwn^^ 



Digiti 



zed by Google 



Set: 9 Of the Mom* 8 Thoies. 1 1 1 

tore the next cfasnge. Thmt node from which the 
Moon begins to ascend tti>rthwardly, or above the eclip- 
tic iiroortiiern latitude is called the ascending node, 
aikl the other tlie deseendkig node ; because the Moon 
wfaeft she {Mmcs by ki descends lielow tlie ecliptic south- 
ward. 

The Moon^s oblique motion with regard to the cfcKp- 
tic, causes some diflfercnce in the times of her rising 
and setting from that which has been already men- 
tioned. 

When she is northward of the ecliptic^ she rises 
sooner, and sets later, than if she moved in the ecliptic; 
and when she is southward of the ecliptic, she rises 
later and sets sooner., This difference is variable even 
in the same signs, because the nodes shift backward 
about 19 degrees and | in the ecliptic every year ; and 
so go round it ccmtrary to the order of signs in 18 years 
and 225 days. 

Yihe& the ascending node is in Aries> the srathern 
hdf of the Mcfon's orbt, makes an ngle of 5 and \ de 
grees less with the horizon, than the ecliptic does^ 
when Aries rises m northern latitudes : for this rea- 
son, the Moon rises with less diiferenee of time, while 
iihe is in Pisces &. Arit^i^ than she would do if she kept 
in the ecliptic. But in 9 years and 112 days after- 
wardytibe descending node ccHnes to Aries, and then the 
Moon's orbit makes an angle of 5 and | degrees great- 
er with the hfMrisott wbai Aries rises^ than the ecliptic 
doesatiOatl^i which causes the Mo<m to rise with 
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greater difference of times in Pisees und Arie^ thM 
if she moved in the ecliptic. 

When the aseeiiding node is m Arks, ibe angle is 
only 9 and § degrees sntlie parallel of London when 
Aries rises. fiM;'ii4M»i tbe desceiMiAg node conies^ to 
Aries, the angle is 20 and \ degrees ; this occasidns ai^ 
great difference of. the Moon's rusing in the same ^gns 
eyery 9 years, as these would be on two parallels 10 
and § degrees from each other, tf the Moon's course 
were in the ecliptic. The following table shows how 
much the obliquity of the Moon's orbit, affects her ri- 
sing and setting on the parallel of London^ from the 
12th to the 18th day of her age, supposing her to be 
full at the autumnal equinoxes, and then either in the 
ascending node, or (highest part df her prbit,) and in 
the descending npde, (or least part of her orbit.) M 
signifies morning. A afternoon, an^ the line at the 
foot of the table shows a week's difference in rising and 
setting. 



I^uli Id her' ' IFblf in the hi^..__ 
asccndiag o(>dc I ^«ct of >«|l «bti 




mooBS 

age 



Rises at 
H u 



Sets at Rises 



Sets at [Rises at 
« MP . M 



12 
13 
14 
15 

16 
17 
18 



5 A 15 
5 



SB 4 



4S 
6 

36 



3 M 2014 A 30 
305 



6 4410 



difer 



39 



504 



15 
42 



26 



10 2 30 



3 M 1514 



2A 



OW 



This tabke was net computed, but o^\f estimated, as 
near as coahl be dM^ ffom a cammoB'^kbe^ on whteh 
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^ Mpsm's Qtbit ww delioealed with a black lead 

. . A«. tl^Si?^ M» * cmmitoiff revolution of the nodes in 
X#, i^ jeM9» there mmd i» a regular period of all the 
V4^j^^ which ean hapi^n. in the rising and netting of 
the Moon during thM^ two* 

.i: ^^theufK)^. caf dbs^ When the Sim touehfiathe Sum- 
vaw troi^f ^ copto^ee twenty ^foar hours above the 
hQcizQIR^^*an4 th^ liife nmober bdavr it; when he touch- 
^fkOm Wint^ treipie^ .For the same reaoon, the full 
M?<^^^>^^ ^^^if^iii tl^ ecUi^e as tbci Suniim^'s 
SjyPf^pustJtlierefcHra* continue as long above th^ori* 
Ipji : and t% SuoMn^er ful^ Moon beii^ as low in the 
^Ijptic as the WkilQr Sun, can no more rise than he 
4oes. ' lEbut th^se are only the two foil Moons which 
l^gp^i^ about, the tropics^ for all the. others rise and 
net . Jn Su9ip^r» the full Id^oos are lowland their stay 
19 s|k<^rt above the heriziWy^ then the nights are short, 
^gti we bare tibe least occasion for Moon-light. In 
Winter^ the fuH. Mopw run hig^ and they stay long 
aheve the horiasQfi when the nights are long, and we 
Qi^ thegrea^irt^qiiantity oflier reflected light 

. JU the 1^8^ Q^ haSf qf the elliptic never sets, and 
the otliQr ]b^f 4iaver rises ; and therefore asr the Sun is 
a]$««iy(|.i|alf.ajear4ndeseribi«g one half of the eclip- 
tjc» a^ ^Ims in gomg throi^h the other half, it is 
natural toima^e that the-Sun continues half a year 
together above the hMizM of each pete in its turn, 
ani^ ^ k)^. below, it ; rising io one pale. when he sets 
tothe.o^er,. . Tb^s^wonl^be^exaotlj^ the eaa^^ if there 

N 
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were no refraction. B^by tlierrfi^ctioiirfliwBtaMi^s 
rays, occasioned by the atmoq)here, he becomefi viit 
ble some days soofneri aiid eoii($rfi«Wi 8oigi« da^s linger 
in sight, than he W6^M eih^Tmi»4^t w^ tt«at hm ^ 
pears above the horkBon <rf ei l hef fek, hi^Mre iH^lms 
got below the horizon of the 0^er» 

And as he never goes n«ore* thMi 4B^^tq|Me8 «i# 9S 
nainutes below the ^or i«oR ^1^ fpdtei^ feey tere v«ry 
little dark night ; tifV'Hight lieiflfg tlfeni, »i imS m irt 
all other places, ^ the Sun he l»dte^eM%cAcy^ tile 
hocizson. The fall Mo€^he»gai«Klif#€{i|^^ 
Sun^xan never be seen while the Sua ss above the ho- 
rizon, except when the Moon faft» in the Bortfaern half 
of her orbit ; for* when any point of ^ eey|itic tmes^ 
the (^posite point sets. Therefc«*e, m the Sun m 
above the horizon <^ the north pde ffwn^ tlte 90th ef 
March, til) the 23d September ; it m pkm that the 
Moon when ftiB, being opposile ta the Sim, nuiist be 
below the horizcm during that half of the year. Btrt 
when the Snn is in the soul^ni YixMofthe ecliptic, he 
never rises to the north pole '^ ^n*tng Htm hatf of the 
year, every fuH Moon happeiHt in some part of the 
northern half of tihe eclif^ which never aeta. Conse- 
quently, as the p^r inhabitant never isee the full 
Moon in Summer, they have her always in ttfe6 Win- 
ter ; before, at, aiid after tilie fell, ishinmg difririg 14 of 
our days and ni^^ And when the Sto is at his 
greatest distam^e below the iMmaoii, being then in 
Capricorn, the Moon is at her first quarter in Aries, 
futt in Cancer, and at her third qnarter in Libra. And 
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as the begkioiii|( ot Aries is the rising point of the ecUp- 
6c^ Cancer the highest, and Libra the setting point, the 
MoQA litfes at lier first quarter in Aries, is most elevated 
above the boriaon, and full in Cancer, and sets at the 
beginnix^ of Libn in her third quarter, having contin- 
ued visible for 14 diornai ratationa of the earth. Thus 
the poles afie supplied one baU*<^the Winter time with 
coiisii»«t Maoo-tifelit, in the absence of the Sun, and 
only takse sight itf the Moon from her third to her first 
quaneJK^ white ^ gptesbut very little light, and could 
he hut of lUtlf« wd sometimes of no service to them. 
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InterrognUops for Seetlom ISTtntb. , , , 

What is understood by the TM[ooii*s Riases f [ '' 

What is discovered, by observing tlie moon with k 
telescope ? 

Of what use is the ruggedness to us 1 

if the surface of the moon is uneven, why does it not 
so appear when viewed by the eye only 1 

What is the moon? 

What part of the moon do we discover 1 

When is she said to be in conjunction witii the Sun ? 

When sho is in her first octant, how much of her en- 
lightened side is visible ? 

How much of her enlightened side does she 4iow ia 
her first quarter ? 

When she has gone half aroutid hier orbit, how &>es 
she appear ? 

How does she appear when viewed frem the Sun ? 

Are the moon's motions faster or slower than the 
earth's, from her change to her first quarter 1 

liovv lar does she fall behind the earth 5 

Froni her first quarter to her full, whtdi otoves with 
the greatest rapidity ? 
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• V^^^ftttofAe fttt to ber third qmtrter ? 

Which from the third quarter to thfe change ? 

Is the grai^ity'oPthe mooq at any timegreater towards 
the Sun, than towards^fhe earth, and at what time ? 
#How much gwftrt er is the quantity of matter in the 
Sua, than in tiie earth ? 

In what proportion does the attraction of eaeh body 
diminish ? v 

How far from the ear& k tte p(^t cff eqnal attrac- 
tion between the earth and ^he Stm ? 

Why does not tfie »ooa* leavetlw earth Imd go to^he^ 
Sun ? 

What is understood by the Ifhfrest Mobti? * " 

:fl[dw many minates latter at the ^uafor does the 
moon rise every day, than on the preceding ? 

Is there any mateiial difference rii high irortherri, of 
southern tatittides 1 - 

' A*what l^me iir northefn Jfttittidfes, does fts© ftiltfnoon 
rise 1 v' / " . -: *' *< ^ ,.-' - ■ 

Bow many days together does tte mootr in sudi cases 
rise jM: nearly the same time ? 

WhatltthedatrseoflMssm^lI'dWrereMfefe? - 

How far does the earth advance in her orStf, w4sJle the 
moon goes round the ecflptio?* ^ ^ ^ - 

Hmv many oonjunctions and oppositions of the Sun 
and Moon can take place in any particular part of the 
ecliptic, in the course of a yearl 

How many full Moons in the course of a' year, that 
rise with so Kede difference near the time of Sun- 
setlii^ ? 
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Does this mngidMrity appear Wi M^tkciB laJhuto, aa 
well as in tiortham ? - 

Does the Mooa's orbk Ke exactly in the eefiiplie ? 

Doeis the nocm's orbit iotersect the ecKpM; ? . 

What is anderal^od by the moo»'ft wpi^es f ^ 

How many times from change t# clMMnge, is dfie nioufi 
hi her nodes ? ^ 

Which is called the ascending node ? 

Which is Galled ihe dMcesdtng node 't 

How many degrees are Ibey asundbr 1 
^ How mttch does tJiese nades shift m the eoarse af a 
year? 

Which wsgr 4a Aey shift ? 

In whatl^vdi of time do they gQ sffoowl the eclip- 
tic ? 

HowwugrdetpMS canthQfikfficobdQWthe hori- 
Mft of the poles ? 

lSM9mmf iligrcas. awiat theSwiihe faeloir the^hpri- 
zon heibra the twi%Jbt is whaUy gaM ? 

is the fait «aM» w the Sypiagr apasim tver saaa at 
thenw&paiel 

Is it cmilia«i% aam ia Wioiec fritm thie £rsi t& bet 
thhtlqaariw? 

Is k the saaM at Ae souA pole f^ 
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m^th€ JB^Mng mmd Wtrntimg mfthe Sem. 

The caueie of the iyS^es wm first diseoveted by ISJ^ 
kr, who thus ei^iMM it TIk oHb of tlie aHltmding 
power, (which kiftthe Mom,) is csteaded w frr w 
the earth, and dmwithe "paters xmAtf tlie torrid »Nrie; 
acting upon places where it is vertical ; lAfieosibly on 
confined Seas and Bays; but sensibly fga ihe Ocean, 
whose bed$ are larger, and the waters have the liberty 
.of reciprocation^hat i&of rising and falling. And in the 
70th page of his lunar Astronomy he says : But the 
cause of the Tides of the Sea, appears to be the bo- 
dies of the Sun and Moon, drawing the waters of the 
Sea. 

This hint being given, the immortal Sir Isaac New- 
Um improved it, and wrote so am^Iy on the sabject as 
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to make the theory of Tides in a'maiuiiei: quite.his owjq^ 
by discovering the cause of their rising oo the side of 
the earth oppoaiite-to the Moon,. For Kepler believed 
that the presence' of the Moon occa^iiaiKed an impuke 
v^hich caused another in her abiC^ice. ^ 

It has been already mentioned, timt the power of 
gravity diminishes as the square of the distance in- 
creases, and therefore the waterts on the side of the 
earth, nex-t the Mo<m, are more attracted than the cen- 
tral parts of the eart]) by the Moon, and the central 
^arts are more attracted by her, than the waters on the 
opposite side of the earth. Therefore the diigtance be- 
tween the eafth^s ceiiirc, an'9 the v«^tfter, or its suriace, 
win be increased; If the attractioa he ufie<|iia}, then 
that body which is most sltoiagly ^ttradted, will move 
with greater ra^dity, and this wjB increase ks distance 
from the other l^dy. '' -* ' ^ ^ '^'' *' ^ . 

As this explanation of the ebbing dna Ho wing of {lie 
Sea is deducedYrom fhe earths* ^Constantly^ falling to- 
ward the Moon Ky tfie powef of gravity, some riiay fiiid 
a difficulty ill contfeivihglibw^this is possible when the 
Moon is full, or ih Opposition to the Sun ; since the 
earth revolves about the l^n, and tiiUst continually fall 
towards it ; and therefore cailUbt fiiD contrary ways 
at the same time : or if the earth is constantly billing 
towards the Moon, th^y must come together at 
last. To remove this difficuhy, let it be considered 
that it is not the centre of the ^arth that describes 
the annual orbit round the SUn, but the common 
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centre • of gravity ^the enrtiiiind Moon together ; 
and timt whik the eaiHi is moTing round the Sun, it 
zkm deseribefi a cjrq^ around that (Sientre of gravity, 
going as many times around it in cme revolution about 
the Sun, as ttere are lunations, or courses of the 
Mo(m around the earth; is ccmstantly falling towards 
the Mooi^ from a tangent to tiie circle tt ^cribes» 
around the said centre of gravity. 

The influence of the Sun in raising the Tides, is but 
small in comparison of the Moon's : though the earth's 
diameter bears a considerable proportion to its distance 
from the Moon, it is next to nothing when compared to 
its distance from the Sun. Therefore, the di^erence 
of tl^e Sttn's i^traetioD ob the sides <^the earth, under, 
and oppoffite to him, is nrach less than flie difference 
of Ike MocHi's attoctioB on the sides <^Uie earth un- 
der, and qiposite to her : tibereibre the Moon must 
raise the TidesoHich high^ than they can be raised by 
the Siqi* On this theory, (so fiur as it has been ex- 
jdttined,) the T\Aem ouglrt to be tibe highest directfy 
under, and of^posite to the Moon ; that is, when the 
Moon is due north or south. But we find in <^en 
Seas, where the water flows freely, the Moon is gen- 

• Vm centra ui«f much Mu«r tie earlb'f centre, ten the Moons, m 
*fhe earth is heayier, or contains a greater quantity of matter than the Moon 
whicli is about 40 times. If both bodies were susp^ded from it, they would 
hang in eqmHbrio. Therefore divide the Moon's distance from the 
ea«lii^ oSBtre^MO^OOl mttss,) by 40, md tlw q«otoil;,wm be the distance 
from the centre of the earth to the centre of gravity, which is 6,00CUsiiles, or 
2,000 from the earth's sui^e. 

O 
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erally past the iioit^$B4iJOijlh iBeiudi&» wbeaUj9 
high water. The reaaon ia obvioiii^ w^r^ th» Mw«!« 
attraction to cea8# whoUj wbti Af was pait ibe^HMK 
ridian, yet the motiim of ascent compiMnicatad to th# 
water before that time, would snake it cantiinie to 4riae 
for some tiooe afterward, much Bsore miist it cootiBue 
to rise, M^n the attractiou ia 0Dly4liaMiuahe^ A lit- 
tle impulse given to a moving baU. wiU.caiye it to 
move further than it otherwise would have dous. Or, 
as experience shows that the weather in Summer, is 
warmer at 2 o'clock in the afternoon, than when the 
Sun is on the meridian, because of the increase made 
to the heat already imparted. 

The Tides do not riways answer ta tlie saii^e id|is- 
tance of the MooiUrom the meridian al the samepk^' 
ces, but are variously afieeted by theo^an of the S&n; 
which brings them on sooner when the Moon ts in hev 
first and third quarters, and ke^ps tkem' back laiar 
when she is in her second and fourth i because JiirtfaBa' 
one case, the Tide raised by tJie.SuB atone, would bd 
earlier than the Tide rakted by &e Bfoon, and in the 
other case later. 

The Moon goes round the earth in an elliptical or- 
bit, and therefore in every lunaPmonth she approach^ 
es nearer to the earth than her mean distance, and re- 
cedes further from it When she is nearest, she at- 
tracts strongest,and so raises the Tides most; the con- 
trary happens when she is £irtheat, because of her 
weakerimttractimi. 
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WlreH iKidl iMMarilU ^i^^'^lbe equator, and the 
Moott in per%ee, (^mt «t lier least distance from the 
Mf^y) she raises the Tutes highe8l^.of all ; especially 

'at her conjunction and opposition, both because the 
equaleriftl parts haire the greatest centrifugal force 
from thek doMrftmg tlie largest cirele, and from the 
eoneurrjilg aetiem of <lie #im a»d Moon. .. At the 
efaaiage^lbe sttrttctiveforGes of the Sun and Moon be- 
ing vnit^ they dimmish the^ravi^ <^the waters un- 
der tiie ^Moon, ami their grmfi^on the of^osite side is 
dnnini^^lMd by nwns oCa gseater oenCrifiigal force. — 
A4iiHs ftil^<wittk:th0 Moon imoos the Tide under, and 
oppooite 4o Iwr ) iho^Swraeii»g^fn>&e' same hae, raises 
ibo/ride uoder^rimd t^ppomte to him; whence their 
o^fy^^ effiMM^ istbe«»ne as atthe chan^, and in both 
easoi^ oeoa^oB wfaiiis ealled, %>ring^ides. But at the 
qma^tefs^ ^tmSim^n actiim diseiiAishes the action of the 
MoQO OB the waters, so that they rise a little under, 
iffid mposite to^ie San, and fidl as much under, and 
effKiMt 4o tlie Mom, making what we eidl Neap Tides; 
because the S«a» and Moon th^i act crosiswise to each 
oiher. But irt^rictly speaking, these Tides happen not 
tiH some time aftw, because in this, as in other cases, 
the acttons do not pmducetfae greatest effect, when 
£hey are at the sk*ongest,but sometime afterward. 

> The San beiiig nearer the earth in Winter than iii 
Summer, is d* course, newer to it iii Feliruary and 
October, tktn HI March aiMl Se^mber, andilherefore 
the greatest Tides huppen not tiU some time 4fter the 
mtitaamti omiMX : and retom a Kttio befor<i*^e ver- 
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nal. The Sea beki^Jteui p^ » meltiaifwmM eontm- 
ue to ebb and ikaw Jfor aeverdi times» though ti» Soa 
and Moon shotitk be aciHifailarfecl^tnr tbeit infljoeBM 
cease. 

When the Moor Jb » tlie e(|tt«kor^ Uie Tiiraare 
equally high in both p«rt9 ef the iMBur day, or iism cf 
the Moo|$s' revoliruig from the n^rUiaii to Ij^e nae^# 
dian again ; which m 84 himni and 50 Biki«te9» iiii<^ 
astheMoondedinea^ireidilie eqia^M towwds either 
pcde, the Tides are aUeivately faij^ber aad low«r at 
places haying north or Mnth ktibiide. Ona of the 
highest elevationa, (which i» that wdar the Mocmh) 
follows her tewardft ti» fiofeia^^iviubb^riie « «Mit8t» 
aad the cih&t deehaeo- towardi ihe opp o Bito jfwie ; £odh 
elevatioft describii^ panfiris aa fiur iinttat fysm the 
equator en oppofitfte aidea, aa ^ Mooa^aoKMa frcMait 
to either aide, and coma&qtimin&ff the p a iiaHds d o ac ribttd 
by these elevations of the wi^er, are twiM aa Masy 
d^rees from ^aeh other, aa the lioon m from ike 
equator ; increastng ii^i^ diataMe aathe Mooa inereu* 
es her declinatioa, till it be at the greatest ; whea the 
said parallels are at a mean atate 47 db^reea asunder^ 
and on that day, 4;he Tides -are most meqiial in tiieir 
heights. Aa^the Mo(»i, returns |pward the equaitor^he 
parallels descrft^ed by the of^osite derations a}^tttNK& 
towards each ether, until the Moon coaoes to itoe eqpia- 
tor, and tli^n they eoincide« Aathe Moon dedaies 
toward the c^poaite pole at equal distances, each ele- 
vation describes the same parallel in <he otber p»t of 
the lunar day> which ttooppoBJe eief atisiis deaarAMl 
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before^ Wkite ihe Moon has north decimation, the 
f^%9i»0i TKke in the nortbern hemisphere, are, when 
fi^ is«fao^ tiie horizon «dd the reverse when her de- 
eltnatioa is south. 

Thus it a]ipeu6» 4hat as the Tides are governed by 
the Moon, they most tBrn <on the a^is of the Moon's 
ofUt, which is ini^ed 2S d^reesand 28 minutes to 
the earth^s asisat a meanM^te, aad therefore the poles 
^ the Tides, nust be sp many d6gr6es.lnH)»4he poles of 
the earth, or in oppoeate paints of tba^ pobr circles, go 
ing around them in every revolution of the Moon from 
aii^ wen(Mui4o^lie same^igMi. ^ 

It is noA, however, to be douUed, but that the quick 
mti||iaD ^^tiie e^tfa on his uda. Wings the pdbs of 
tlK^ Tides MMwtothe^polw^f tile wa^, than they 
would be, iK*tihe earA were at rest, and the Mo<hi re* 
volved aboot it only ^Hice a mcmtfa, otherwise the Tid^ 
would be more uneqiml in their heights, and times of 
their returns, than we find they are. But bow near the 
eanh^s^ rotation may Imng the poles of its axis, and 
those of the Tides together, or how iar the preceding 
Tides may effect those that follow, so as to make them 
keep up nearly to the same heights and times of ebbing 
and flowing, is a problem more fit to be solved by ob- 
servation than theory. 

In open Seas, the Tides rise but to very small heights 
in proportion to what they do in broad Rivcrp, whose 
waters empty in the direction of the stream of Ti Je : — 
For, in channels growing narrower gradually, the wa- 
ter is accumulated by the opposition of the contracting 
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bank. The Tides are so retarded ui their puisssge 
through different shoals and channels, and otherwise 
so variouslj afiected hy striking agakist Capes and 
Headlands, that to different places, they happen at all 
distances of the Moon from the meridian, and roase- 
quently at all hours of the hinar di^. 

* Air being lighter than water, and the sorAice of the 
atmosphere nearer to the Moon, than the surface of the 
Sea ; it camHrt be doubled that the Moan raises astiefa 
higher Tides la the air, tiMtin the Sea« 



# 



* In aregiiter of the baimttrtirkiptfcrSQy«lB%;ii»>P>rfiiMi Taak- 
do of Padvi», «44e4 Uigi^r nU t)ke he^i^cfih»,vaif^}^ wjben tlye Jfoon 
was in Byzigy, when she was in quadrature, and when she was in the apo- 
geal and perig;eal p<»n1^ of her offoit. ' Hht apogeal excieededihe' p«ig«al 
heig^ bj 44 i4dM, and life h|i«IMiu^7«il|^ «c«^ 
ture bjr H kichei^ Tbe di^Texeiy^e io^tli^ .^JS^ti> ia ai^ci^s^ly ^at to 
8]|ow that the air is accumulated and compressed by the attraction of 
the Moon. 
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Int«iTag;att6it8 for Section Tentli. 

By whom wm the eatise of die Timib first dis- 
covered 1 

How does he explain it ? 

Who improved the idea of Kepler ? 

By what does he consider the waters to be at- 
tracted 7 

Why are the waters on the side of the earth next to 
the Moon, more attracted than the central parts ? 

Why are the central parts more attracted,thaa the wa- 
ters on the opposite side ? 

From what source is this explanation deduced ? 

By what power b the earth eunstairtlyfiilling towards 
the Moon, and the Moon towanb4lie ettrih ? 

If this be actually the: ease, w4iy do they not come 
together ? 

Is it the eeoife oif tho<earth'1&at deseribea the aanaal 
otlMt roand the fSaa ? 

Where is the centre of gravity belweettthe<!aftfa and 
Moon? » 

How mueh caore SMtter 4asa the eaMb. coataut, than 
the Moon 1 

What is the centre of gravity between the two bocBes ? 

How is it found ? 

Which has the greatest influence in raiong Tides,fhe 
Sun or Moon ? 

Are the Tides at the 1^'ghest when the Moon is due 
north, or louth ? 

What is the reason ? 
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Do the Tidefl always answer to the same distance 
of the Moon from the meridian, at the same places ? 

Does the M«ob approach nearer, aad recede fitrtker 
from the earth in each of her revolutions ? 

At what time does she attract the earth most? 

At what time does she attract it the least ? 

In what positioii are the Sun and Moon when the 
highest Tides are raised ? 

What are Spring-Tides ? 

What arc Neap-Ttdesl 

In what manner do the^ attractions of the Sun and 
Moon act on each other, to produce ^prkig-Tides ? 

In what manner to produce Neap-Tides ? 

Where is the moon when the Tides are equally high 
in both parte of die kmnr di^ 1 

What k mntorstoodt by the lunar day 1 

What is the length of the lunar day ? 

At whattiMeaM tlie Tides most unecpal t 

In which hemisphere are th« highest Tiites, wfccn the 
moon has north dec&iaAon t 

Which when in her south declination 1 

Do the Tides riae very hif^ in tjfiett Aeas f 

Are the Tides ever retarded in their passage 1 

What retardtf them t 

What are aerial Tides ? 

How were they discovered) and by whom ? 
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SECTION ELEVENTH. 

^sTxojTOJtric^jL rnoBMiBJits. 

PROBLEM L 

To corwert Time into degrees, fmnates, 8fc. 

As (me hour is to 15 degrees^ so is the time given 
to the answer. • * 

1. How many degrees are equal to 8 hours, 20 min- 
utes, and 80 seconds 1 

2d. The Sun passes the meridian of Detroit 1 hour, 19 
mini]^s after 12 o'clock, noon at Bost(»i, how farare 
those places asunder ? 

PROBLEM IL 

To convert degrees, minutes, fyc. into Tbne. 

As 16 degrees are to an hour, so are the number of 
degree* given to the time. 
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130 Astronomical Problkns,' mSec. II 

EXAMPLES. 

!• The apparent distance of Venus from the S»n, can 
never be above 50 degrees, and when at that dis- 
tance, how long does she rise before the Sun, or set 
after him ? 

2. The greatest elongation of Mercury is said to be 
28 degrees, 20 minutes and 19 seconds, ho:wlong, 
can he set after the Sun, when an evening star ? 

PROBLEM III. 

The diurnal arc of the Sun, or of any planet being 
given, to find the time of the rising or setting of the 
Sun. 

RULE. 

Bring the diurnal arc into time by Problem 2d. 
Divide this time by two, and the quotient will be the 
time at which the Sun sets. Take this tiq|^ from 12 
hours, and the remainder will be the time at which the 
Sun rises. 

EXAMPLES. 

1. Suppose the Sun's diurnal arc be 174 degrees and 
thirty minutes^ at what time does he rise and set. 

* Ans. B hours 49 minutes, the time of the Sun's set- 
ting, and he rises at 6 hours and 1 1^ minutes. 

2. The diurnal arc of Venus is found to be 96 degrees 
and 44 minutes, at what hours does the Sun rise,and 
when does he set ? ' 

3. The diurnal arc of Mars^ is 198 degrees, 14 min- 
utes and 60 seconds. 
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The diurnal arc of Jupiter, is 201 degrees, 33 minutes 
and 16 seconds. 

The diurnal arc of Saturn, is 196 degrees, and 14 min- 
utes : and the diurnal arc of Herschel is 213 degrees, 
41 minutes, and 58 seconds; when, according to the 
above mentioned numbers, does the Sun rise and 
set? 

PROBLEM IV. 

The time which the Sun, or any planet remains 
above the horizon being given, to find the length of his 
diurnal^ or nocturnal arc. 

J Divide the given time by two, and the quotient will 
be the time of the Sun*s setting. Take this time from 
12 hours, and the remainder will be the time of his ri 
sing. Multiply the given time by 16 degrees, and the 
product will give the Sun's, or planet's diurnal arc ; — 
this subtracted from 360 degrees, will leave the noc- 
turnal arc. 

EXAMPLES. . 

1. Oh the fourth of July, the Sun rose at 43 minutes 
past 5 o'clock ; at what time did he set on that day, 
and what was the length of his diurnal arc ? 

2. September 7th, 1825, the Sun rose at 5 o'clock and 
52 minutes, at what time did he set, and what are the 
dimensionid of both arcs 1 -^ 
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PBOBU^M V- 

To find the time which elapses between two conjunc- 
tions, or two oppositions, or between one conjunction, 
and one opposition of any two planets. 

RITL£. 

Find the difference between the given daily motions 
of the two given planets, as given in the following table 
of the daily motions, then say, as the difierence of their 
daily motions, is to one day, so is 360 degrees, to the 
difference in the times of the two conjunctions, or op- 
positions required. Buf for one conjunction^ und 
one opposition, or, for a superior and an inferior 
conjunction ; say as the difference of their daily mo- 
tions is to one day, so is* 180 degrees to the time, which 
elapses between a conjunction, and an opposition of the 
two given planets. 

TABLE. • 

i>. 
Mercury's daily motion is ... . 4,0928 degrees. 

Venus', do. do 1,6021 

Tlie earth's, do. do 0,9866 

Mars', do. do. 0,5240 

Jupiter's, do. do. # . . . . 0,0831 
Saturn's, do. do. . • - . . . 0,0335 
Herschel's, do. do 0,0118 
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EXAMPLES. 

*1. How many days elapse between a conjunction, and 
«n opposition of Mercury and Venus. 

Thus Mercury's daily motion, 4,0928 degrees 

Less the daily motion of Venus, 1,6021=2,4907 
Degreesjthen as 2,4907 li: \day.i\^Odi 72,25 days, 
the time required. 

2. How many days is Venus a morning and an evening 
star, alternately to the earth ? 

3. How many days is Jupiter a morning and evening 
star, alternately to the earth ? 

4. How many days is Merqary east, and how many 
west of the Sun to us ? 

PROBLEM VL 

• » 

The heliocentric longitude of any two planets being 
given, to find when they will be in heliocentric con- 
junction. 

RULE. 

Subtract the given longitude of the planet nearest 
the Sun, from that of the planet farthest from him, if 
practicable, but if not, add^to the latter 360 degrees, and 
then subtract, say, as the diflferencc of the daily motions 
of the given planets is to one day, so is the difference of 
their longitudes, to the time when the given planets will 
be in conjurictioh. 
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exa:m[ples. 

1. At what time were Mars and Venus in conjunction, 
after the first of January, 1 823. • 

Venus' daily motion is 1,6021— 0,5^540=1 ,0781— 
Mars' longitude ft)r January 1st. 1823, was 311 de- 
grees and 41 minutes : less by 285 degrees, 16 minutes, 
the longitude of Venus at Ihe same .time=26 degrees 
and 26 minutes. Then as 1 ,0781 : 1 day : ; 26 d 26 m- 
=24,5, or January 26th, 1823. 

TABLE. 

The Sun's geocentric longitude for January 1st. 1823, 
was, 

Degrees. 
^ 280—29 nrnu 

The heliocentric longitude of Mercu- / ^ . 

. rj,^January IsL 1823, was 277—25 

ThatQfVienus,was ♦ 286— 1!5 

The Earth's, 100—20 

That of Mars, 311—41 

Jupiter's, 64 — 61 , 

Saturn's, 38—^6 

HerschePs, 277 — 30 

On what day of the year, 1823, was Venus in con- 
junction witlFthe earth ? ' 
3.* When was Jupiter in conjunction with tjie eaf th in 

the year 1824 ? 
4. When were Venus aild Jupiter in conjunction, 

in 1826 ? • 
6. On what day in the year 1832, did Jupiter set; at 
the moment the Sun arose ? 
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♦ . PRpBLEM VII. 

t When the heliocentric longitude of any planet, for 
any given day is known, to find it for ai^ required 
day. ^ ^ • 

RULE* 

Find the niimber of days between the given, and re- 
quired day : then as one day is to the given planet's 
daily motion, so are the days so found, to the distance 
whicli the planet has revolved during that time. Add 
this distance to the planet's known longitude, and the 
sum, if less than 360 degrees, will be the longitude for 
the required day, but if more than 360 degrees, then 
subtract 360 degrees from it, and the remainder will be 
tb^Vue longitude^ 

EXAMPLES. 

1. On the first of January, 1823, the heliocentric l9iigi- 
tude of Venus was 285 degrees, 16 min. ; what was 
it on the 4th of July, In tbe same year ? Arts. 220 
clpgrees and three minutes. 

2. On the first of January, 1823, the earth's longitude 
was 100 degrees and 20 minutes j what was its longi- 
tude on the 4th of July, 1 825 ? 

PROBLEM VIII. 

To determine whether Venus or Jupiter will be the 
morning or evening star on any-given day* 
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RULfi. ^ 

^.Fi"d tte longitude of Venus and the longitude of the^ 
earth for tlhe gjven day- If the difiereoKe in longitude, 
counting from the earth's place eastward, be less than 
180 degrees, Venus will be east of the Sun, and conse- 
quently evening star : but if that difference be greater 
than 180 degrees, she will be west of the Sun, and 
therefore morning star. 

EXAMPLES. 

On the 4th of July, 1823j was Venus a morning or an 

evening star ? . 

* 
The longitude oi Venus on the given day, will be 

found by Problem 7th, (p be 220 degrees and 3 min- 
utes, and the earth^s longitude, for the same day by the 
same Problem, 281 d^rees and 41 minutes; the dif- 
ference=61 aegrees and 38 minutes; this difference be- 
ing less than 180 degrees, shows thdt Venus is east 

of the Sun, and consequently an evening star. 

• ♦ 

l^id Jupitgr rise before, or after the Sun, July 4th, 
- 1832 ? 

How many days in succession, can Venus be a mor- 
ning, or an evening star ? 

♦ 

How many days in succession, can Jupiter be a mor- 
ning or an evening star ? 
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PROBLEM IX. 

To determine the day on which any particular planet 
shall have a given longitude. * v*^ 

RULE. * 

Subtract the longitude of the^^ven planet found in 
the preceding table,frora the given longitude,if practic- 
able ; but if the longitude of the planet found in the Ta- 
ble, be greater than the given longitude, increase the 
latter by 360 degrees, and then subtract; divide the 
remainder by the planet's daily motion, as recorded in 
the Table, and the quotient will show the number of 
days from the first of January, when the planet will 
have the given longitude. - 

EXAMPLES. 

1. On what day of the year 1828, did Venus have 220 
degrees of heliocentric longitude ? Answer — fourth 
of July. 

2. On what days in the year 1825, did each of the 
planets enter Virgo ? 

• PROBLEM X. 
T|jf find whether Venus or Mercury will cross the 

Sun's disk in any given year, 

« 

RULE. 

Find by Problem 9th when Venus will pass her node. 
Find the earth's heliocentric longitude for that day, and 
if it equals the longitude of Venus' node, there will be 
a transit of Venus, and in no other case. The same may 
be said of the planet Mercury. 
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EXAMPLES. 

, Were^hcre a transit of Venus in the year 1824, or 
not ? • 

The longitude of the asccndipg node of Venus, is 76 
degrees and 8 minutes, which she passed on the 26ih 
of June. The earth's longitude on that day, was 274 
degrees and 44 minutes. The longitude of the descen- 
ding node of Venus, was 258 degrees and 8 minutes, 
which sl)e passed on the 5th of March. The earth's 
longitude on that d.ay, was 164 degrees and 65 mioutes, 
consequently there was no transit of Venus in 1824. 

PROBLEM XL 

To find when any two given planets shall have a 
given heliocentric aspcft, taking their longitudes as sta- 
ted in the Table for 1823. 

RULE. 

Add the degrees in the aspect given to the heliocen- 
tric longitude of either given planet. Find the differ- 
ence between that sum and the heliocentric longitude 
of the other given planet: Then say, as the difference 
in the Ad\\y motions of the two given planets, is to one 
day,so is the difference in their longitude found as above 
to the answer required. 

EXAMPLES. 

At what time in the year 1824, did the earth and Ve* 
nus have a trine aspect ? 
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The longitude of the earth for January 1st. for that 
3 ear, was 100 degrees and 6 minutes, to the earth's lon- 
gitude, add 120 degrees, (the given aspect,) and ttie 
sum is 220 degrees and 6 minutes. 

The longitude of Venus on the first day of January, 
1824, was 150 degrees and two minutes ; the difference 
was 70 degrees and 4 minutes jThen 1,6021 degrees — 
,9856=,6165 difference of daily motion. Then ,6165 : 
1 day : : 70 d. 4 minutes : 1 13 days, or the 22d. of April. 

2. On what day were the earth and Jupiter in conjunc- 
tion in the year 1826 ? 

3. When in 1835, will the earth and Venus be in con* 
junction ? 

(^ NOTE.— The preceding PROBLEMS would be correct, if the 
Planets moved in perfect circular orbits; which however is not the fact, 
yet they approach so near to circles, that deductions founded upon their 
£gure as circles^ are sufficieolly accurate for ordinary calculations. 
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oir ECLIPSES. 



In the Solar System, the Sun is the great fountain 
of Light, and every planet and satellite is illuminated 
by him, receive the distribution of his rays, and are ir- 
radiated by his beams. The rays of light are seen in 
direct lines, and consequently are frequently intercept- 
ed by the dark and opaque body of the Moon, passing 
directly between the earth and the Sun ; and hiding a 
portion, or the whole of his disk from the view of those 
parts of the earth where the penumbra, or the shadow 
of the Moon happens to fall. This is called an Eclipse 
OF THE Sun. 

It is only at the time of new Moon, that an Eclipse 
of this kind can possibly take place, and then only when 
the Sun is within seventeen degrees of either the as- 
cending or descending.nodes ; for if his distance at the 
time of new Moon be greater than seventeen degrees 
from either node, no part of the Moon's shadow will 
touch the earth, and consequently there will be 
no Eclipse. . 

The orbit in which the Moon really moves, is differ- 
ent from the ecliptic, one half being elevated five and 



Digiti 



zed by Google 



Sec. 12 On Eclipses. 141 

one-third degrees above it, and tbe other half as oiuch 
depressed below. The Mo<jn*s orbit therefore inter- 
sects the ecliptic in two points diametrically opposite 
to each other, and these intersections are ^felled the 
Moon's nodes. The Moon, therefore can never be in 
the ecliptic, but when she is in either of her nodes ; 
which is at least twice in every lunation, or course 
from change to change, and sometimes thrice. That 
node from which the Moon begins to ascend northward, 
or above the ecliptic in northern latitudes is called the 
ascending node ; and the other the descending node ; 
because the Moon when she passes by it descends 
below the Ecliptic southward. The Ecliptic 
is the great circle which the earth describes 
in its annual revolution around the Sun, and is 
divided into twelve equal parts, of thirty degrees each 
called signs. Six of these, nahiely, Aries, Taurus, 
Gemini, Cancer, Leo and Virgo are north ; and the 
other six, to wit. Libra, Scorpio, Sagitarius, Capricor- 
nus, Aquarius and Pisces, south of the equotor.* 

When the earth comes between the Sun and Moon, 
the Moon passes through the earth's shadow, and hav- 
ing no light of her own, she suffers a real Eclipse ; the 
rays of the Sun being intercepted by the earth. This 
can only happen at the time of full Moon ; and, when 
the Sun is within twelve degrees of the Moon's ascen- 
ding or descending nodes. Should the Sun's distance 



, * The Equator is an imaginary circle passing round the earth from 
east to west^ diyiding it into two equal parts, called Hemispheres. 
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from the node exceed twelve degrees, the shadow of 
the earth would no whe^p touch the surface of the 
Moon,^nd consequently she could not sufier an Eclipse, 

Whellpie Sun is Eclipsed to us, the inhabitants of ^ 
the Moon on the side*next the earth, see her shadow 
like a dark spot traveUing over the earth about twice 
as fast as its equatorial parts move, and the same way. 

When the earth passes between the Sun and Moon, 
the Sun appears in every part of the Moon where the 
earth's shadow falls totally Eclipsed ; and the duration 
is as long as she remains in the earth's shadow. 

If the earth and Sun were of equal sizes, the shadow 
of the earth would be infinitely extended, and wholly 
of the same breadth, and the planet Mars when in ei- 
ther of her nodes, and in opposition to the Sun, (al- 
though forty-two millions of miles from the earth,) 
would be Eclipsed by the shadow. If the earth were 
larger than the Sun, her shadow would be sufficient to 
Eclipse the larger planets, Jupiter and Saturn with all 
their satellites, when they were opposite to him ; but 
' the shadow of the earth terminates in a point long be- 
fore it reaches any of the primary planets. It is there- 
fore evident, that the earth is much less than the Sun, 
or its shadow could not end in a point at so short a dis- 
tance* ^ 

If the Sun and Moon were of equal sizes, shewouH 
cast a shadow on the earth's surface of more than two 
thousand miles in breadth, even if it fell directly against 
its centre. But the shadow of the Moon is seldom 
more than one hundred and fifty miles in breadth at 
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the earth, unless in total Eclipses of the Sun, her shad- 
ow strikes on the earth in a very oblique direction. 

In annular Echpses, the Moon's shadow terminates 
in a point at some distance beforelt reaches ij|e earth ; 
and consequently the Moon is mnch less thsfflTOie Sun. 
If the Moon were actually thrice its present size, it 
would still in many instances, be totally Eclipsed. A 
sufficient proof of this, is given by her long continuance 
in the earth's shadow, during any of her total Eclipses. 
Therefore the diameter of the earth is more than three 
times the diameter of the Moon. 

Though all opaque bodies, on which the Sun shines, 
have their shadows ; yet such is the magnitude of the 
Sun, and the distances of the planets, that the prima- 
ries can never Eclipse each other. A primary can only 
Eclipse its secondary, or be Echpsed by it, and never 
by those except when they are in opposition 
or ^conjunction with the Sun, as before stated. The 
primary planets are very seldom in such positions, but 
the Sun and Moon are, in every month. 

If the Moon's orbit were coincident with the plane 
of the ecliptic, in which the earth wheels its stated 
courses, the Moon's shadow would fall on the earth at 
every change, and the Sun be eclipsed to every part 
of the earth where the penumbra happened to fall. In 
the same manner, the Moon would have to travel 
through the middle of the earth's shadow, and be to- 
tally Eclipsed at every full. The duration* of total 
darkness in every instance, exceeding an hour and a 
half. 
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A question like the following natm^ally arises : 

Why is it that the Sun is not Eclipsed at every change, 
if the Moon actually pass#s between the Sun and the 
earth, ^^d why is liot the Moon Eclipsed at every 
full, if tnPfearth passes between the Sun and Moon in 
every month ? 

One half of the Moon's orbit, is elevated 5 degrees 
•and twenty minutes above the ecliptic, and the other 
half IS as much depressed below it ; and, as before has 
been observed, the Moon's orbit intersects the 
ecliptic, in two opposite points, called the Moojsr's 
Nodes. . 

When these points are in a right Ime with the cen- 
tre of the Sun at new or full Moon, the Sun, Moon,and 
earth are all in a right line ; and if the Moon be then 
new; her shadow fells upon the earth, but if she be full, 
the earth's shadow fells upon her. When the Sun and 
Moon are more than 17 deg's. from either of the nodes 
at the time of conjunction,the moon is generally too high 
or too loiy in her orbit to cast any part of her shadow 
on the surface of the earth. And when the Sun is more 
than 12 degrees from either of the nodes at the time 
of full Moon, the Moon is generally either two high or 
too low to pass through any part of the earth's shadow ; 
therefore in both these cases there can be no Eclipse. 

This howevever admits of some variation, for in 
apogeal*^clipses, the solar limit is only sixteen de- 
grees and thirty minutes, and in perigeal it is eighteen 
degrees and twenty minutes* When the full Moon m 
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in her apogee, * she will be Eclipsed, if she be within 
16 degrees and thirty minutes of the node ; and When 
in her perigee, if within twelve degrees and two 
minutes. 

The iBoon's orbit contains 360 deg's, of which4he lim- 
its of seventeen degrees at a mesui rate for Solar Eclip- 
ses, 8r tweke for lunar are only small portions, and the 
Sun generally passes by the nodes only twice in a year* 
and consequently impossible that Eclipses should hap- 
pen in every month. If the line of the nodes, like the 
axis of the earth, were carried parallel to itself around 
the Sun, there would be exactly hajf a year between 
the conjunctions of the Sun and nodes,. But the nodes 
shift backward, or contrary to the earth's annual mo- 
tion, nineteen degrees and twenty minutes every year ; 
and therefore the same node comes round to the Sun 
nineteen days sooner every year, than in the one pre- 
ceeding. 173 days, . therefore, after the ascending 
node has passed by the Sun, the descending node 
aho- passes by him* In whatever season of the year 
the luminaries are Eclipsed, in 173 days after, we may 
expect Eclipses about the opposite node. The nodes 
shift through all the signs and degrees of the ecliptic 
in 18 years and 225 days, in which time there would 
always be a regular periodical return of Eclipses, if 
any number of lunations were completed without a 



* The fartherest point of each orbit from the earth's centse is called 
the apogee, and the nearest point is called the perigee. These points are 
directly opposite each other, and consequently exactly six signs asunder. 
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fraction. Bat this never happens, for if both the Sun 
and Moon should start from a line of conjunction with 
either of the nodes in any point of the ecliptic, the Sun 
would perform 18 annual revolutions and 222 degrees 
of the l«th, aiul the Moon 230 hoiatidMy and 6& de- 
grees of another by the time the node came around to 
the same point of the ecUptic again. 

The Sun would then be 138 d^riees from the node^ 
and the Moon 85 degrees from the Sun. In 223 mean 
lunations after the Sun, Moon and node, have been im 
a line of conjunction, they return so nearly to the same 
state again, that the same node which was in coiijunc* 
tion with the Sun and Moon at the comn^encement of 
these lunations, will be within 28 mhiates, and IS sec* 
onds of a degree of a line of conjunction with the Sun 
and Moon again, when the last of these Innations is 
completed. In that time, there will be a regular pe* 
iriod of Eclipses, or rather a periodical return of the 
same eclipse for many ages. In this period, (which 
was first discovered by the Chaldeans,) there are 18 
Julian years, 1 1 days^ 7 hours, 43 minutes, and 21 
seconds, when the 29th day <^ February in leap years^ 
is four times included ; but one day less when included 
5 times. Consequently, if to the naean time of any 
Eclipse, whether of the Sun or Moon, the above named 
time be added, you will have the mean time of its pe-^ 
riodical return. But the falling back of the line of con- 
junctioas, or oppositions of the Sun and Moon, namely, 
28 minutes, 12 secondis, with respect to the line of the 
nodes in every period, win wear it out in process of 
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time, so that the shadow will not i^in touch the earth 
or Moon, during the space of 12,492 years. Those 
Eclipses of the Sun which happen about the ascending 
node, and begin to come in at the n<»'th pole of the 
earth, will continue at each periaUca] return to ad- 
vance southwardly, until Uiey leave the earth at the 
south pole; and the contrary with those that happen 
about the descending node, and come in at the south 
pole. From the time that an Eclipse of the Sun first 
touches the earth, oiitfl it completes its periodical re- 
turnS| and leaves the same, there will be 77 periods 
equal to 1888 years. The same Eclipse cajmot then 
again touch this earth, in a less space than 12492 years 
as above stated. 

If the motions of the Sun, Moon, and nodes were <lie 
same in ev?ry part of their CH^bits, we should need no* 
thing mote than wilii has been said to find the fn^act 
time of all Eclipses ; but as this is not the case, we are 
under the necessity (tf forming Tables so constructed, 
that the mem time cap be reduced to the true. By 
the following example, it win be found, that by the true 
motions of the Sun, Moon and nodes, the Eclipse cal- 
culated, leaves tl^ earth five periods sooner than it 
would have done, by mean eqiiEyble motions; To ex* 
amplify this matter more fully, I will take the Eclipse 
of the Sim, which happened in the year 1764, March 
21st Old Style, (or April 1st in th^ new,) according to 
its mean revolMi^W^* and also according to its true 
pquate4 tipie. 
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The shadow, or penumbra of the Moon, fell in open 
space at each return, without touching^ the earth ever 
since the creation, until the year of our Lord, 1295'; 
then on the 1 4th day of June, at 52 minutes, and 59 
seconds in the moi»ing, Old Style, the Moon's shadow 
touched the earth at the north pole. In each suc- 
ceeding period since that time, the Sun has come 28 
minutes and 12 seconds nearer the same node, and the 
Moon's shadow has gone more southwardly. In the 
year 1962, on the 18th of July, Old Style, (or 3 1st. in 
the new,) at 10 hours. 36 minutes, 21 seconds in the 
afternoon, the same Eclipse will have returned 88 
times. The Sun will theti be only 24 minutes and 45 
seconds from the ascending node, and the c'eritre of the 
Moon's shadow will fall a little north of the equator.— 
At the end of the next following period, in the year 
1980, July 29th, Old Style, ^or August llth in the 
nev«i) at 6 hours, 19 minutes and 41 seconds in the 
morning, the Stin will have receded back three min- 
utes and twenty-seven seconds from the ascending 
node ; the Moon will then have a small degree of 
south latitude, and consequerrtly cast her shadow a lit- 
tle south of the equator. After this, at every follow- 
ing period, the Sun will be 28 tninutes and 12 seconds 
further back from the ascending npde than at the pre- 
ceding, and the Moon's shadow will coiilinue at eaich 
succeeding period to approach nearer the south pole, 
until September 13, Old Stylie, (or October 1st. in the 
new,) at 11 hours, 46 minutes and 22 seconds in the 
morning^, in the vear 9^f>5. ^v\on the F^^^'^^'^e will have 
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completed its 77th periodical return, and the shadow 
of the Moon leaves the earth at the south pole to re- 
turn no more, until the lapse of 12492 years. But on 
adcount of the true, (or unequable) motions of the Sun, 
Moon, ^ nodes, the first coming in df this Eclipse at the 
north pale of the earth, was on the 24th of June, 1313, 
at 3 hours, 57 minutes, and 3 seconds in the afternoon, 
and it will finally leave the earth at the south pole on 
the 18th day of August, (according to New Style,) in 
the year 2593, at 10 hoursj 25 minutes and 31 seconds 
afternoon, at the 72d. period. So that the true motions 
do riot only alter the true times from the mean, but 
they also cut off five periods from those of the mean 
returns of this Eclipse. 

In any year-, the number of Eclipses of Both lumina- 
ries cannot be less than two, nor more than set en ; the 
most usual number is four, and it is very rare to have 
more than six. The EcKpses of the Sun are paore 
frequent than those of the Moon, because the Sun's 
ecliptic limits are greater than those df the Moon's. — 
(The proportions being as 17 is to 12,) yet we hai|p 
more visible Eclipses of the Moon, than of the Sun ; 
bectiuse Eclipsed of the Moon are seen from all parts 
of that hemisphere of the earth which is next her ; and 
are equally great to each of those parts ; but Eclipses 
of the Sun are only visible to that small portion of the 
hemisphere next him, whereon the Moon's shadow 
happens to fall. 

The Moon's orbit being elliptical, and the earth in 
one of lis focuses; she is once at her least distance 
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from the eartht and once at her greatest in erery lu- 
natioii or reyotutkm around the «arth. When the 
Moon changes at her least distance from the earth, and 
80 near the node that her dark shadow falls on the 
earth; she aj^^irs sufficiently large to cover the 
whdle disk o£ the Sun from that part on which her 
shadow falls, and the Sun iq[^;)ears totally eclq;ised for 
the space of four minutes. 

But when she chwges at her greatest distance frcwi 
the earth, and so near the node that her dark shadow 
is directed towards the earth, her diameter subtends a 
less angle than the Sun's, and therefore cannot hide the 
whole disk from any part of the earth, nor does her 
shadow reach it at that time ; and to the place otq( 
which the point of her shadow hangs, the Eclipse is 
annular, and the edge of the Sun aj^^rs like a lumin* 
otts ring around the whole body of the Moon. When 
the change happens within 17 deglies of the node, and 
the Moon at her mean distance from the earth, the 
point of her shadow jijst torches the earth, and th^ 
§un is totally eclipsed to that small spot on which the 
Moon's shadow falls ; but the duratkui of total dark- 
ness isnd; of a moment's continuance* Th^ Moon'ii 
apparent diameter wh^i largest, exceeds the Sun^s 
when least,, according to the calculations of modern 
Astronomers, two minutes and five seconds, the dura- 
tion of total darkness, therefore may at such time con- 
tinue four minutes and six seconds ; casting a shadovf 
on the earth's surface of 180 miles broad. When the 
Moop changes exa<^tly in the pode^ the penunabr^ ^ 
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circular on the earth at the middle of the general 
ficltpse, because at that time it falls perpendicularly on 
the earth's surface ; but in every other moment, it falte 
obliquely, and therefore will be elliptical ^ind the naore 
so, as the time is longer after the middle of the gen- 
eral Eclipse ; and then much greater portions c^ the 
earth are involved in the penumbra. 

When the penumbra first touches the earth tli» gen« 
eral £clipse begins, and it ends when it leaves the 
earth : from the beginning to the end, the sun appears 
Eclipsed in some part of the earth or other. When 
the penumbra touches any place, the Eclipse begins 
at tiiat place, and ends, when the penumbra leaves it. 
When the moon changes exactly in the node the pe- 
idimbra goes over the centre of the earth as seen from 
the moon, and ccMisequently by describing the longest 
line possible on the earth continues the longest upon it ; 
namely at a mean Mte five hours and fifty minutes : 
Inore, if the nooon be at her greatest distance from 
the earth, because she then moves slowest, and less if 
she be at her nearest aj^oach, because of her ac- 
celerated motion. 

The moon changes at all hours, and as often in <me 
node as in the other, and at a8 distances from them 
both, at different times as it happens ; the variety of 
phases of Eclipses are therefore almost innumerable, 
even at the same places, considering also bow various* 
ly the same places are situated on the enlightened disk 
rfthe earth with respect to the motion of the penum-' 
bra, at the different hours when Eclipses happen. 
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When the Moon changes 17 degrees short of her 
descending node, the penumbra just touches the north- 
ern part of the earth's disk near the north pole, and 
as seen from that placq, the Moon appears to. touch 
the Sun, but hides no part of him from sight. . Had the 
change Jbeen as far short of the ascending node, the 
penumbra would have touched the southern part of the 
disk im^r the south pole. When the Moon changes 
12 degrees short of the descending node, more than a 
third part of the penumbra, falls on the northern parts 
of the earth at the middle of the general Eclipse. Had 
she changed as far past the same node, as much of the 
other side of the penumbra would have fallen on the 
southern parts of the earth, all the rest in open i^pace. 

When the Moon changes 6 degrees from the node, 
almost the whole penumbra falls on the earth at the 
the middle of the general Eclipse. . . 

The further the Moon changqg from either node 
within 17 degrees of it, the shorter, is "the penumbra's 
continuance on the earth.; because it goes over a less 
portion of the disk. The nearer the penumbr^a's cen- 
tre is to the equator* at the middle of the general 
Eclipse, the longer is its duration at places where it is 
central ; because the nearer that any place is ito the 
equator, the greater is the circle it describes by the 
earth's motion pn its axis, and the place moving quick 
keeps longer in the penumbra, whose motion is the 
same way with that of the place, though faster as has 
been mentioned. That Eclipses of the Moon can never 
happen only at the time of full, and the reason why she 
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is not eclipsed at every full, has aliready been men- 

TheMooa wheti totadly eclipsed, (chough a dark 
opd^iue body^ a&d ^bioes oily by reflectiou,) is not in- 
visible, if she be above the hqrhson, and the sky clear ; 
but generally appears of a dusky color which some 
have- Aoug^t to be her native light But the true cause 
of her being visible, is the scattered beams of thd^un, 
beirt inio thp earth's shadow by going through the at- 
mosphere, which being more dense near the earth, than 
at considerable heights above it, refracts, or bends the 
rays of the Sun more inward the nearer they are pass- 
ing by the earth's surface, than those rays which go 
through higher parts of the atmosphere #here it is less 
dense ; according to its height, until it be so thin, or 
rare as to lose its refractive power. 

When the Moon goes through the centre of the earth's 
shadow, she is directly opposite to the Sun, yet the 
Moon has been often seen totally eclipsed in the hori- 
zon, when the Sun was also visible in the opposite part 
of it ; for the horizontal refraction being almost 34 
minutes of a degree, and the diameter of the Sun and 
Moon being each at a mean state but 32 minutes, the 
refraction causes both luminaries to af^ar above the 
horizon, when they'are actually below it. When the 
^Moon is full at 1^ degrees from either node, she just 
touches the earth^s shadow, but does not enter into it. 
When she is full at 6 degrees from either node, she is 
totally, but not centrally immersed in the earth's shad- 
ow, she takes the longest line possible, which is the 
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diameter thraugh it^ and aitch an Ei^lipse, (being both 
total, and centra),) is of tbe longest duration, namety, 
three IiourSt'67 minutes and 6 seconds from the begin- 
ning to the end, if the Moon be at her greatest distance 
from the earth ; luid 3 bows, 37 minutes and 26 aec*- 
onds, if she be at her least distance. 

The reason of thisdiflfereiKe is, (hat when the Moon 
is farthest from the earth, her motions are retarded, but 
when nearest to tbe earth, her motions are accek-rated. 
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Are the rays ©flight proceecKnj from the San, fre- 
quently intercepted? 

By what arc they intercepted ? 

Whstf is understood by the penumbra 1 

What is aa Eclipse of the Son ? 

At what stage of the Moon does an Sclipse of the 
Sanfaai^en? ^ 

Hovr near to either of the iiAde$ must the Sun be to 
m&er aa Eclipse 1 

Docs the Mooii»s orbit differ from the ecliptic ? 

Whatis^cceHpticI 

"What are Ac Moon's nodoa 1 ^ 

Why cannot the Sun be eclipsed aalcw he be within 
it degrees <tf tfa» node :* 

How oftett is the Uoom in the aelipti* .' 

Which ia called the nKendkig node ? 

Whick is called the desoendinip node 1 
^ ^ What is aa Eclipse of the Moon ? 

At what stage of the Moon does tins happen ? 
^ HownearmustthoSwbetoeitherofthoaodcs, so 
that Ac Moon can suffer an Eclipse ? 
£ What causes it 1 
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Should the same distance from either node at the 
time of full Moon exceed twelve degrees, could the 
shadow of the earth touch the surface of the Moon ? 

As the Moon passes between the Sun and the earth 
at every new Mooii, whyls not the San ecKp^d at eve- 
ry new Moon ? 

Why is not the Moon eclipsed at ?very full ? / 

What is the farthest point of each orbit from the 
earth's centre <i^l^d 1 

What the nearest p(riat? 

How many times a year does the Sun generally pass 
by the nodes ? ♦ 

In what time do the nodes pass through all the si^ns 
of the ecliptic ? , 

riow many lunations after the Sun, Moon and np«des 
* have been in conjanctioi}9.^(Eijfel«4hc^y r^urR nearly to 
the same state agwi ? V 

What is a periodical return of an Ec^pse? ' 

Are the motions erf the S«», Mocai and ncwks the 
same in every part of ihek arbkir ? 

How can the mean time of these conjunctions be re- 
duced to the true ? 

How many are the greatest number of Eclipses that 
can posifcly happen in one year ? 
How many the least ? 
What the most usual number ? I 
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Which i& the most frcKfuent, those of the Sun or 
Moon ? ' 

What is thq reason 1 

. Are there more visible EcKpses of the Moon than of 
the Sun ? ' 

What is the reason ? 

What is a total Eclipse of the Sun ? 

How long can the Moon hide the whole face of the 
Sun from our view ? 

In what part of her orbit must the Moon be to cause 
a total Eclipse ? 

What IS an Unniilar Eclipse ? 

How many miles in diameter would the shadow of 
the Moon be on the earth, in an Eclipse When total 
darkness continues four minutes ? 

. When the Moon changes exactly in the node, what is 
the form of the shadow, and where does it strike the 
earth ? 

When does an Eclipse begin ? 

When does it end 1 

When does it begin and end at any particular place 1 

When the Moon changes 17 degrees short of her de- 
scending node, where will her shadow touch the 
earth ? 

If as far short of her ascending node, where tte the 
earth will her shadow fall ? 

Why in total Eclipses of the Moon is she not invisi- 
ble, if she be a dark opaque body ? 
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Is it possible for the Moon to be viribly cdtjised 
while the Sun is in sight ? 

When the Moon is fulli within six degrees oT either 
node. Will she be totaUy ed^ised I 

When she passes by the node in the earth's shadow, 
how much of the Moon will be eclipsed 1 

What is the longest time that the Moon can suffer an 
Eclipse ? ^ 

What the shortest if she heiit her least distance ? 
Why is this difference 1 

What is the time of the longest dufation of an Edipse 
of the Sun ? 

What the shortest, if die Eclipse be central ? 
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SECTION THIBTEENTH. 

SHOWING THE PRINCIPLES ON WHICH THE FOLLOWING 

ASTRONOMICAL TA»LES ARE CONSTRUCTED, 

AND THE METHOD OF CALCULATING 

THE TIMES OF NEW fc FULL 

MOONS & ECLIPSES 

BY THEM. 

The nearer thait atiy object is to the eye of on obser- 
ver, the greater is the angle tttider wliich it appears.—* 
The farther from the eye, the less it appears. 

Tiie diameters ofihi^ Stm and Moon subtend (Affer- 
ent angles at d^rent time?« And at equ^I inter vipils of 
time, these angles are once at the greatest, and once at 
the lea^, in somewhat more than a complete revolution 
of the tumioary ibrough the ecliptic from any given 
fixed star, to the same star again. This proves that the 
San and Moon are constantly changing their distances 
from the earth and that they are once at their greatest 
distance, and once at their least, in a little taore than a 
complete revolution. 

Ttie gradual difierences of these angles are not what 
they would betif the luminariea moved in drcular orbits, 
the earth beiug su(^x>sed to be placed at some distanco 
from the centre. 

But they agree perfectly with elliptical orbits, suppo- 
sing the lunar focw of each orUt to be at the centre of 
the earth. 



Digiti 



zed by Google 



160 On the CoMtructum ofihefMowmg Tables. Sec. 18 

The fartjji/est point of each orbit from the earth's cen- 
tre, is called the apogee ; & the nearest point the perigee. 
These points are directly opposite each other. 

Astronomers divide each orbit into 12 equal parts, 
called signs ; and each sign into 30 equal parts called 
degrees ; each degree into sixty equal parts, called rain- 
utes,and each minute into 60 equal parts, called seconds. 
The distance, therefore, of the Sun or Moon from any 
point of its orbit, is reckoned in Signs, Degrees, Minutes 
and Seconds. The distance here meant, is that through 
which the luminary has moved from any given point,(not 
the spaqe it falls sji^rt thereof,) in coming round again,be 
it ever so little. . . 

Tl^ distance of the Sun orMopn fromit^ apogee at 
any givifh time, is called its mean anomaiy, so that in the , 
iqjIPgee, the anomaly, is nothifig, in the perigee, Jt is ^ix 
signs, 

Thetuotioos of the Sun aiid Moon are observed to be 
continually Accelerated from the apogee to the perigee ;, 
and as gradually retarded from the perigee to the apo- 
gee^ bei;]g slowest of all when the m^an anomaly is 
nothing, and swiftest when it is six signs. 

When the luminary is in its apog^ or perigee, it^ 
place is the same as it would be if its motions were 
equable in all parts of its orbit. The supposed equably 
motions are called mean, the unequable are justly called 
the true. 

The mean place of the Sun or Mqon js always for- 
.]|^arder than the true, whilst the hiiuin£Mry is moving from 
Its apogee^, its perigee; and the true place is always 
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fofwairder^ah the mean, Whilst the iumi*ftr3r is mo- 
ving from itst' perigee to its apogee. In the former case, 
the anomaly is always less fhan six signs, in the, latter 
more. ' - ♦ 

It hai§ been discovered by a fong Series of observa- 
tions, that^he Sun goes through the ecliptic, from the 
vernal equinox^ th^ ^J^ 9/ff^ i^:^^.5 days^ 5 hours, 
48m. an^,54su . A^djfrpiii tlje, firgt #ar of Aries, to 
the same st^r a^i^^ . i? 3§5^ dftya^ 6 hpuriSy 9 minutes, 
and 24 secQnds. . Aiul . from his apogee to <hesame 
again in 365 days^ 6 hours^ and 1 4 miQute^. The first 
of thew, is 43^11ed the Sol§r yeaj: ; thajpecond the sy de- 
Teal, and the third the anamolistic year. . The solar 
year is 20 mmutes and 29 seconds shQrter thai* the 
sydeV^i; and the sydereal year is 4 minute^anA 36 
seconds shorter than the anamolistic.' Hence it ap- 
peai®, tihiat ike effuinoxial point, or intersection of the 
eclqptip^and ^eqtlatoF at the b^tnak^ of Aries, gdes 
backis^HKi^vit^ f^spect to th^&ledstarsyaiid thi^ the 
Sun's Bp&gm^^dei forward. • * 

l!heryea£fy.tn(^€mWtiie'€i^ifstir ^S^^ is 

fouoA^ he 0R1& ffltoMejeosi : (six* seconds, whi&fa being ' 
subto^^ted #i9m^&elkm% yesi^y i^ longitude, 

the remainder is the Sun's mean anomaly^ 

It is also ol^rve^,. that, th^ Moon goes through her 
orbit from any given fixed star to the same again, in 
2f days, t-hours, 43^'miriufesi and 4 seconds, at a mean 
ral* f'^frcm her apogee to her apogee again in 27 days, 
' ^'lidm«, re minutes, arid ^3 seconds : and frofri tll| 
Sun to the Son agkin in 29 days, f!^'h6ur^4|4 miniiteg^ 
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and 3 and ^^cojf^. Th» coQ&rsna die klfa. that jjie 
Moon's apogee ma9ts forward m thet cx:li{itic» «i;\d tbai 
at a much greater rate than tbe ^w'« ^^fiPff^f^l ^ce 
the Moon is 5 hours, 55 minuteSi and 39 seconds lot^g- 
er in revoking from het appgee to hi^r apogye^ i^%in, 
than from any star U>the mme 9^fpm^ 

The Moott^ orbit cressAs the ediptSc in two oppo- 
site points, wbich-are called her nodes, and it is dbser- 
Ted that she rerolires sooner from an^node totHe i^me 
node again, tlian from any star tatte safne star again, 
by 2 hours, 3& mfnutes and 5W secoA^; which shows 
that her nodef m *e backward, or eontrary to the or* 
der of signs in the ecHfrtic. - * ^ ^ . ^ 

T9 R^^ the Mcon's meatt mxtiw in a^coii»wiiq^«Hr, 
of 36$ days, tbe prof^ortlpa if 

^ ^ ' "p. -m '« --mr . 
A»theMooft'»yMio4 19 7 4S «^' 

Is l» her whole orbit, w SUSa^^iagfomk 

So is a common year of M^t Aq^ 

To 13 reifoluttomi aiid iifr^^Sitf^ft^^SftiMdnii^ 5 
s«^on4«»^ 1 be tlMti^ra »Mtaitt(HM on sqeflledii ^ 
and the r«msitndisr ia^ Mwi ft^ tlteWtM^ SHrtiM ^ 
in 365 days. 

To calculate the Mbon^s mean anomaly i 

Tlie Moon's apogee, moves oacck round htr fSfbof* 
orbit ia 8 yearsi 309 days, $ ho^i$»>aiulSlQ a#9teiS or^ 
^d^pg two days for l^ng^yeftca,) WiWki ^][h, «%!!* 
bom^.aA()S^e»uiMt^ Th^lW 
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As V. S231^.— Slj,— 20 

Is to file wliole circle, or 36 J degrees, 

' go is a ecmnion year of 3G5 dayir 

To the motion of the Moon*s apogee in one j^ra^ 
40 degrees, S9 minutes^ and 50 seconds. 
f rotn tl|^ MooQ^s mean uK>tion in longitiide. during 
one year, , . 
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the mdtiM ofher apogee, ^^__ ^ 

time, and^there remains, 2-?W — 43^15 the MoonU 
mesm anoimly in one year. 

To find the mean motion of the Moon's node: 

The Moon's node moves hacknard round her whole 
orbit in 18 years, 224 days, 5 hours, therefore for its 
motion in 365 d^ys. 

As / 18 years, 224 days, 5 hours 

Ii^ to the whole circle or 360 degrees. 

So is the year of 366 days 

To the m^ion itf the Moon's node iii 365 4ays=l9 

'degrees, \9 minutes and 43 seconds. 

To &fitf the mean motion of the Moon from tlie Pun. 

The Moon's mean motion in a common year of 365 
days, is 4 signs, 9 degrees, 23 minutes and 5 jseconds 
over and above 13 revolutions, and the 8un's apparent 
mean motion in the same time is 1 1 signs, 29 degrees, 
45 minutes and 40 seconds. Then from the Moon's 
mean motion for one year» subtract the mean motion 
of the Sim for. the same tinie, and the retpainder will 
be thdme'ah motion of the Moon from the Sun in one 
yearasE:4 signs, 9 degrees, 3^ aiinutes and 25 ^seconds. 
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The Htqh^ in Which the Moon revoltres from th^e^UD 
to the Sun again, (or from change to cbfoge,) is c^ed 
a lunation^ which would always consist of 29 day % 12 
hours, 44 minutes, 3 seconds, 2 thirds and 58 ipurUis, 
if Ihe motions of the Sun and Moon were always Q^a* 
ble. Hence 12 mean lunations contai^ 354 dayt, 8 
hours,48 minutes,36 seconds, 35 thirds, and 40 fourths ; 
which is 10 days, 21 hours, 1 1 minutes, 23 seconds, 24 
thirds, and 20 fourths less than the lengtl^ofacommpn 
"Julian year, consisting of 365 days and 6 hours ; an4 
13 mean lunations contains 383 days, 21 hours, 32 
minutes, 39 seconds, 38 thirds, and 38 fourths, which 
exceeds the length of a common Julian year by 18 
days, 16 hours, 32 minutes, 39 seconds, 38 thirds, and 
38 fourths. 

The mean time of ni5w Moon being found for wiy 
given year and month, as, suppose for ]4ar<^h, 1700, 
Old Style ; if this new Moon happens later than the 
llflhof March, then 12 mean lunations added to the 
time of this niean new Moon, will give the time of the 
mean new Moon in March, 1701, after having throjivn 
oflf 365 days. But, when the mean new Moon hap- 
pens before the 11th of March, we naust add 13 mean 
lunations, to have the mean time of mean new Moon 
in March, following, always taking care to subtract 365 
days in common years, and in leap years, 366^.froin tl)e 
sum of this addition. 

Thus in the year 1700, Old Style, the time cdf mea^ 
new Idoon in March, was the 8th day, at 16 hours, 11 
mhiutes, and 25 seconds past four, in the mprfiing o£ 
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the 9tti 4ay, (^Qfior/ikig to :coi»pM»i reckoning,) To 
this we. JDust add 1 3 mean lanaiiont, from ^i^hich sub- 
tiTftct. 365 days, because the year 1701 is a common 
year^ and there will remain 27 days, 13 hpurs, 44 min- 
ute^, 4 seconds^ 38 thirds and 3$. fourths,, iot the time 
pf m^aja qew Moon in March* in the year 1701. 

By cmrrying oix this addition wd ji»btra6tk)n, until 
the. year. 1 7Q3, we find the time of new Moon m March 
that yiBar, to be on the 6th day, at 7 hours,. 21 minutes, 
17,seponds, 49 U)irds» and 46 fourths, past noon ; ta 
which add 13 mean lunations, and subtract 366 days, 
(the year 1704 bemg leap year,) and th$re will re« 
maiii^ 24 <Iay9, 4 houri^. 53 n»iBiates» 61 seconds, 28 
tjiird^^and 20 fourths, for the time of mean new Moan 
in^li§arch,J704. In this manner, was the firit.<^the 
foUawing: Tables ccmstriicted to seconder thirds, and 
fourth9» and then written to the nearest seconds* 

The reason why we chose to. begin the ypar with 
March, was to avoid tKe inconveni^ice of ad^ljgg a 
^y to the tabular time in l^ap years, ailer.tfae month 
of Feb'y* or sjubtracting a day therefrom, in January ,or 
F^.raary in thope yes^r^ ; to whic^h all ^hles. of this 
kind are subjectj^which begin , the year, wkh Jan- 
uary,) in calculating the tim^ of.new or full M<^ii« 
;, The mean anomaUes c^ the. Sun and Moon, and the 
Sun's mean mption from the asceqding node of the 
Moon's orbit, are set down in Table 3d. from one to 
13 lunations. 

These numbers for 13 luxations being added* to the 
rascal anomalies jqC the Sun and Moon; |nd to the 
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Sun's meM di4Mce from the Meendtug notte, at> the 
time of mean new Moon in March, 1700, (Tafclc firrt ,) 
will give their mean anomalies, and the Sun's mean 
distance from the «ode, at the time of mean new Moon 
in March, 1701 ; md twelve mean lunation? matt 
with their mean anom^dtes, ^c. added, wiH give them 
for the time cf mean new Moon, in March, 1 tQ^ 

'And thas |>roceed to eontimie the Table as far » 
you idesse, always throwing off 12 signs, when their 
sum exceeds that number, and setting down the re* 
mainder as the proper quantity. 
• If the minihers belonging to 1 703, (in 'I%Me finrt,^ 
be sublraeted from those of 1830, we shaH hare tiietr 
whole ditferences in i^ cmnpiete JuKan years; whieh 
accordingly we find to be 4 days, 8 hours, 10 mimite^, 
52 se€ondis», IS thirtte, ancf 40 fourths, wkh reapeet t6 
the time of new Moon. These being added te^ether 
60 thiies (taking care to throw off. a i^hole luniafiuiv 
when the days exceed twenty -uine and a half,) make 
up 60 centuries, or 6,O0G years, as in Tahle 6th,whi€h 
was Was carried on to seconds, thirds and fourt)^, and 
then written fo the nearest seconds. In the same man- 
ner were the respective anonrmKes, am! the ISun's dis^ 
tance from the node foumi for these cettturiai years, 
and then (for want of room,) written to tto nearest 
minutes, which is sufficiently exact for whole ceur 
turies. 

By means of these two Tables, we may readfly find 
the time of any new Moon in March, together with the 
ammialiee of the Sun and Moon, and the imn'u ■ sieaa - 
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distaiKe from the node at these times, wilbintbe limits 
of.6,0 JO years, either beibre w after the 18lh ceirtttry ; 
anJ the mem ttnie of any new, or TuU Moc^n, in any 
given fiiooth after M^rch, by »ieao8 irf the ihitA ami 
hittrtk Tables^ within the same tiniks, as will be ti^cwn 
in the precepts for calciilatioo. 

Thii TaWe is eafcttlated in conformity to the 
OM Jr4yle,r fbf the piirpoae of oateulatmg Eclipses, 
. whioh tm^ mawte thetr afipearaneeB im former age«»» 
andttkeiviae Cbr thoae, wbicb will take place after the 
year i9d0, wliic^ liowever, are eairily B»ade tn con&rin 
to the Xew Style. 

li WKMilii be • verf easy^ matter to calcalate the tintie 
of new mt Mt Moon* iCthe Sun and jVioon moved eqw* 
b)jr«ni^fWrt»of thotr ^bits. ^ But, we have already 
sb#iim4|Nkt tkdr frfaeea are never the same, a« tbey 
woqUIio (^ O^imUe moUoDi^ exeaiit when they are in 
apofpii^ qr perigee, which is when their mean anoma- 
lim v» either nothing or • signs. And that their 
mMB pfooe* are always fof«varder than their true, 
wfaOittliemomklyiskMthan&si)^; a»d their true 
p)aeM Sk9n forwat d thanr their mean, when the ancm« 
aljr is more. * 

tkAeer itris imdeot, tlmt wiimst the Stm^a- anomaly is^ 
\em ihan 9 ^w, the moim will overtake him,f)r he q)- 
pasitt^^o him sooMr, (ftan Ae wonU^tf his motion were 
e(^b{er; and later whibyt hiaf anomaly is more than 6 
sigank: The greatest difference that can ponsiyy hap- 
pen between the mean, and true tin[ie o[ new, or fijll 
MooOt oa aocount of the Son's motioQ» is th(«& iMHifc 
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48 minutes and 28 seconds ; and that is when the Sun's 
anomaly is three signs one degree, or eight signs and 
29 degrees; sooner in the first case^ and later in the 
last. la aU otter signs and degrees of anomaly, the 
difference is gradoaHy less, and vanishes when the 
anomoly is nothing, or six sigi». 

The Sun is ki his apogee on the 30th of June, and in 
perigeeon tbeSOthof Dee^&nqber, in the present age. 
He is Itierefere, nearer theearth in oor Winter than 
inSunainer.' The proporti^Hial difference ^ distance 
dediiGed from the Sun's appareirt diam^^er, at these 
times, is as 983 to 1017. 

The Moon's orbit is darted in Winter, and eoirtrbc- 
ted in SnuMaer, therefore the lunations are ledger iH 
Winter than in Summer. - The greatest' ^fierence is 
found to be 4iS^ minutes and S9 seconds! tiie Innatioos' 
are f^rsdually increiMs«ng in k«g^, whi^ the "Sun is' 
nooyti^ frixn his apogee to his pertgee,is^ deereo^ag^ 
in length while he is moving from his peri^e to his* 
itpic^e. On tins accoonit, the Moon will be lal^r ev- 
ery time in coming io her conjunt^bn with^the Sun^or - 
being in c^iposttion to him, from December until Jtme; 
and sooner from June until December, than if her or-' 
bit had ^m^tin^ad of the same size during all tl» year. 

These diffej^ences depend wholly on the JSun's an6m- 
aly^ they are therefore pat together i^o one Table, ii 
called the annual, or ^first equaticoi of the mean to the 
true syzygy.* (See Table Seventh.] This«quational 



* The, word syzygy signifies both the conjunetionand opposition of the 

Sua ftai Moeii^- ' '•- ^ -'''■ " • • ^ • • -^ • ^ . . -- - 
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difference is to be ^KkttmiBi Jrom lAm time irf* the 
mean syzygj, mhQii tka S^tdmwMKufyia^imn than six 
signs, and adifed «irhen4i isrnioM. ^^lh« gveatest, it 
is 4 hours, 10 minutes, and^Tseccnde; vnc: 3 ho^rs, 
4S minoises and 28 seconds) -on tb^ ftaii*s«iioqiiiil nM^- 
tim ; and 22 minutes and 429 seccmdim ih» ftoeotiot of 
tbe^MatkA^ofibeMoMTsioryt^ . : *' 

This eraifioiHidv okiiHiJeA ffcmU be>6«tt^ai^ for re* 
dttoing^the mten (Mie 4f neir, ^ luB liomr to Oe triie» 
if^he'Mocm'sarbit wete 6f' » eivcadar' fM^tt) aii4 her 
ni'otied'^iiite eqwtble in^ it.> ^Bnt tfte MoMi'e orbit is 
noore elliptioal ^ksm the Son's: ^andJvr notioa in it so 
nludi tfte iilofe imequ^L vTheditevlsiee 19 «» gnat, 
thM^shid is soiiietitiies'ai ooBfMetiois.with 41ms Sen, or 
in oppesftton- li}. Him sooneiv by 9 ihaatB, 4n mmutes 
and^d4 ^eoDnck,^timi ^Ammo^Ut be, •tf^ber motion were 
equable ; and at other >tlmes • ads mmiM later. Hie for* 
aaer haippefis nnben^Her riMan anomi^is 9 SignSy and 4 
degrees ; and the latter, when it is 2 signs and 26 de- 
g^ees.' iSeeTaUe9tk^}<Atr^Kfierratdistaiceeofthe 
Sun from the Modto'0 apogee; (bn. fi^nre of tike Moon's 
orbit beconJes diiereiA.-' 'it is kcigest/er meet ^eccen- 
tt-ie, wbenihe SUin is in Hie s%iv and degree, dithei^ with 
the Moon^s apogee; or perigee* : Sllortest^ or iMsst ec-* 
cedtric, when the Suii'sdfsfttiice^fiibrfi the Mqoft^i apo« 
gee is either three signs, •i^'ntee s^^ns? and a(6 a mean 
stat6 wheil thd disteneii keitber one sijgn and fifteen 
degreels; four signs a^d Mean degrMi?; seven si^s 
and fifteen degrees 9 or >'ten.^^ttgnfe and fifteen degr^s. 
1CbeQiftka.Sf4aa'8.ttii»lvli MiitafMiiMtooeettivtoMfV 
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h^r apogeftl distance from the eiirth's ceirtre, is lo her 
perigealdifltMeetlKrefroKiy as 1067 18 te S33: \\ben 
least ecc«itric/aBf 104S is to 957; as J when at the 
meaaataiteas 19^»t#94S. » 

But ti|e Stmls fiistaAce from the lV!oon'8^^ogee h 
equal ta the qmatity of the Meui>^$ mean aiK^iiial y, at 
the time of new Moon ; aad by the aJditkm ef 6 st^na^ 
it beoomps equal in quantity tetbe A'iomiVmstn anom- 
aly, at the dme ef tkW Mocm. A Table therefore wiii 
be coQ^ruoted to >ai«swer ail the various ineqnalilieF^ 
depending on the different eccentricities of the Mnon'a 
orbit in the t^zy^s, and oilleel the aecbm) eqaatron 
of the ineaa, to4he true syzygy. [See TaUe Xiath.] 
The Mboa's anomaly wh^i eqaatei^ by Ts^Ie I^^blh, 
becoa^s the proper* argument (er taking out ihe sec^ 
ond equs^ioD of time, whieh miist be added to the for^ 
mer eqaated tiSiii,'Whe» the Moon's anc maly h less 
thaa six signs, and aahtsaeted when the ancmaly is 
more. 

There are several other ineqoaKttesiir the Moon's 
motion, whic^ sometimes brii^ on the true s^zygy a 
littk socHier, and at otisier times keep it back a little la- 
ter, than it \ma]d othernrae.he; but they are sosmaR 
that they may be all omitted except two ; the forhier, 
of which [me Table 1-Oth.] deflinds on the difTc r^me be- 
tween the anomalies of the t^nn and iMocin in tbe 
8yzygi«si ; and the latter [see Table 1 1 th.] depends on 
the Son's disteace from the Moon's ncdes at these 
times. The greatest difference arising frcm the for- 
ir ttinttlaa ^ni M aaeaada;. ted ff om the lalP 
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ter one minute vmi S4 seorathw HftTkig desoi^ibed the 
phenomena artsii^ ii '6» the iBe<{«alttte8 of the solar 
and luAar mutiums we shftU sow explain the reasons 
of these isaiiualities. 

I»ail caloubtkws aftd observations refatting to the 
Sun anJ Mjoh, wj have considered the San as a mo* 
vin^ bo;ly» and the earth as being at rest ; since aB the 
aj)pe£iran::es are the mme^ whether it be the Sun, or 
earih that moves* Bui the trnth is that ti^ Sua is at 
resiy and tha earth actuaUjr moves around him, once 
in every year, in the plane of the ecliptic. Therefore, 
whatever s^a and de<^ree of the ecliptic the earth is in 
at any given titte^ the San will then appear to be in the 
tfppoftte signaail^degree. 

The nearer any' body is^ to the Sail, (he mcnre it is 
i^tracted by him^ and this attraction increases, as the 
square of their distances dtmintahes^ and viee versa. 

The earth's annual orbit is eUiptical, and the Sun is 
placed in ime of its feci. The renibtest point of the 
aarlb's orbit i^ caited the earth's aphelion, and the 
nearest point of the earth^'s orbit to the Sun, is called 
the earth's |ierihelion« Wbeii the earth is^in its aphe* 
iijn, the Sua appears to be in its apogefe ; and v^^hen 
the earth is id its. peribelicH), the Son appears to be in 
it&pe«i^eii 

As the earth moves from its aphelion to itsperihe* 
tion^it" is ci a^antly more aad more attrac^^ by the 
Snn ; ami this attraction by conspiring in some degree 
with the BM>tion of the earth, niuM necessarily acceler- 
atoiti 
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But, m ibe^MUith monM. kam «te pttrikielien to its sp- 
helioD, it it onafiimiHy Ims shkI Jeis attracted by the 
Sua; and as tbeirattratttiMac^ tben just aa miu^ 
against the earth's motion, as it hafi.a0ted.for it id the 
othet halfof ii^.oth^^i^ MtardbiLe -n^otion in .the 
likedegrta^ • «. n . 

The fiiitcr the etrthonwTeo^ the fiuerter will the 
SuD a|i|>etjr ta niOTe; tibe sknimr tke earth moves, the 
alower is tfaa &wi'a«a4]|»weait ^motion* 

The Moon's orbit is alw elliptical, aad the earth 
keeps constantly in one of its foeuscss. The earth^a a^ 
tractioA baa the same kiad of mfldence oi» the Moen's 
motion, that the Swi's- atfaraetion has aa' the motion of 
the earth. Therefore, the JM^qd^s wmikat mu^ |» 
conthraaUy «0cek»ted, wh^Bt she isi|»iasin^fr(»Q *her 
apogee t& het . pes^ee;. mad as f radwdly r^arded m 
movii^ frau ker peB%ee ^ ta: her ^ mpot^eu At the time 
of new MoGHi abeia nearer toith^ Sfim ihaa the 4^arth 
is at thai t'lMei by the. ^ whole rsenadiametep nf tfaf 
Mooo'b oribit ; w^Hoh^at amean i»tate/is^40^6i00ttile4 
and at the fall she is aa many buIm farther from tbt 
Snn^ than the earth thea is. Commjoeiitlyv. the. Sm 
attaacta the Mooij more tbasi k atira^jte the eartbi Ml 
the former case^ and iesain the latter- The diffi»re&ot 
is greatest, when the earth is nearest the Sunf^od 
least when k is&Hbcsrt iipom him* Tii^obi^iaw result 
of th«i is, thst^ as the earth is aaar est ta> the Stin ia 
Winter,aixi far tlintfram htm in Summer ; the Mom% 
orbit mnat be dihited. in .Winter, ^ and eontraeted in 
Summer» The^e are the principal f^g nsfiafrf tkr dMfrrr 
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«mce.of tiiiiei<:baOgeher«% Imppem beti^v^een^the mean 
end tra« times of eei}jtt»elk« or oppobtlioD, of the Sun 

The other two differencesv w^ich depend ^n the 
difference between tbe anoiMiiM of Ibe Syn^and Moon; 
and upon the Sun's distance from the lunar nodes in 
the syzygies, are occAskmed by the diflferent degrees 
of attraction of tbc$ Sun and earth opon the Moon, at 
greater or less distances, aceonKng to their respects- 
ive anomalies, and to the position of the Moon*» nodes^ 
with respect to the same. 

. If it should ever happen, that the anomalies of both 
the fcJun, and Moon, were either nothing, or six signs 
at the ipean time of new or full Moon ; and the Sun 
should then be in conjunction with either of the Moon's 
nodes^t'^f^.tM-dNyr^i^ei^tioii^ e^vatians would then 
vanish ; and the mean, and true time of the syzygy, 
Dloi2t4<0Mmd«:| butif ^ver :thii» eireimttitlinee did hap- 
pen, we cannot expect the like again in many ikges af* 
IVMitffd0. ) fiyefty 4» A litm tkm fc»fet<gos very nearly to 
the same time of the day as before ; for 49 mean luna- 
lioi^i4vaMsiooiy>mie»teiRtitei 3i& st^ooad^, 34 Ihirdi of 
hoii^«4qiAiKito4fl471^ays^ * in e,0d3^dd9^^8d,i&8 days, 
Ija^mmwQ KK^OiMM)^0<K> iimationii^ exactly, aiid tbis 
is the smaHwt ftomber of nfU;«itai days^ m which any 
exact nvftrfserief mei» kii«ti<His asr^ completed; 
) T^ IbHowing^^^TaMeaaPCi eaknllat^* fur the nferi- 
dian of Washington, excepting Tabte first,^Tv]iich is 
calculated for tke}n[)i»ttdiatt^li69ml>i^rbirt they equal- 
Ijr aerve ibr any other place by JiddiiC 4' mimites 
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to the tabular tinfie» fur every degree that the ^vea 
plac^ id eastuard i'rum WAsmutor^M ; or subtracting 4 
minutes for every degree that the given place is webt 
ward from WjkSUis^TOJS* 

l^ese Tables aiao b^ia the day at noon, and reekon 
forivard te the noon iblioH'ing, for one day. Thus, 
Margh 3l8t. at 22 hourei, 33 nuoutes, and 25 aecotidi 
of tabuhir ttnie^ (in common reckoning,) will be April 
1st. at 3 J nmiutes, 25 seconds ader ten o'clock in the 
moroii^. 



Does an object appear at a less angle wfaeniar oi^ 
than when near ? 

Do the ^mti and Memi Mbtend dfflfer^t atia^vt 
different times 1 

Are the angles subtended %y the Sua and Mooneiiee 
at the greatest, and once at the least in One revohitioo 9 

Are these gradual differences the same as they would 
be, if those luminaries moved in ctrcutarr orbits f 

Do they agree perfectly with eliiptical orbits ? 

Where must the tower focus of each orbit be ptaeed 
to have them ag^ee ? 

What is meant ^ thd teros apogoe t 

WtetJNypprigwt . -: 
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Into how many parts do Astronomers divide ea<Jh 
orhjt f 

What is meant by the distance of the S«o or Moon 
from ftffy point of its orWt 9 

What is the distance at any given pcint, of the Sun 
or Moor from its a|K)gee called ? 
• Whdt is the anomaly oT the Sun or Moon when in 
apogee ? 

What in perigee 1 

In what part of their orbits, are the Sun and Moon 
continually accelerated 1 

In what part retarded ?' 

V\ hat are th;: mean mbtions of the Sun and Moon 
called 1' 

What arfs the unequable called ? ^ 
In what parts of their orbits are the mean motions 
forward of the true 7 

, In what part aro the true forward of the mean 1 
. How many, sig;9s is Ibe aiK)maly in the former case? 
How many in the latter , ? 

^ Does the IVloon> apogee move forward in the 
ediptic /? Does il'more faster or slower than the Sun's? 

' Ddds the MoonYev^ofve sooner frdm any node to the 
same agafn, than frcasi any fixed star to the same again? 

IC«o, Vhat is the dtflferehce ? ^ 

What is meant by a lunation ? 

Why Do Astronomers begin the year witb March ? 

What does Table third contain ? What Table first ? 

Why was Table first cakulated for Old Style t 
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I 

♦What is Hie greatest difference between the mean 
^or true time of new or full Moon, on account of the 
Sun^nMtionf 

Xre the lunations longer m winter than in smamer ? 

What re^isM can js^ advance 1 What the greatest 
'difference ? On what does these differenoes depend 1 

What are they called^ ? Why ia this <eqiiatittd /Act 
sufficient to reduce the mean time to the true ? 

Is the Moon's orbit more elliptical than the Sv^'f/? 

Wtiat.isn}e«ftt,>y.rt\e >i5Pi;dsy?y^,?, .,.„ .j 

Is the Moon sometime^ sooner pr later in cpunjoac- 
tion or opposition with the San^ thw 3he would, be if 
her i|^o<^9fts.»^^^..?fl%bl^ i^ very part of her orbit ? 

If so, what is the greatest difference? On .whait 
account does the Mopn's orbit become different ? , 

When is it th#raost eccentric ^. When the least-? 

What is* equal to the Sun's distance from4he Moon's 
apogee ? On what does the iirst of these differences 
depend ?* 'Oh wliaf ttie'secoritf ^ H hat is tffe^ remotest 
point of the earth's brfcif called ¥ '\TtKSii is iKe nearest 
point to the Sun called ? lias the attraction of (he 
earth any 5hf!tiehce*fcin the rndfioh of the Woon ^ ' ^ In 
w^hat case is the nibtion contrritialfy tfcciereyale^ ? * *ln 
what caise retarded ? Why is4:he MoonVorbit dilated 
in winter ? Why ecttitraoted in summer ? For what 
place are the following Tables calculated ? By what 
means do they serve fdr any other platxc ? '" 

Atyih^d time^lotlie TablcHS commence th€( day* ? 



-. i..: f^ 
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SECTION rOURTEENTH. 



IPrecepts Itelativs to the fdJlovptng TaVlet. 

To calculate the true time of new orfvUMoonj and Eclip^ 
ses of the Sun or Mo^n, by thefolloioing TaJ)les. 
If the required new or full Moon be between the 
years 1800 and 1900, takeout the mean time of new 
Moon in March, for the pro)K>sed year^froni Tible 16th 
ttigotluM* with the anomalies of the Sun and Moon, and 
tbe*SunV mean distance from the Moon's ascending 
node. But if the time of ftill Moon be required in 
March, add the half lunation at the bottom of the page, 
from Table 3, with its anomalies,&c. to the former-num- 
bers, if the new Moon falls before the I5th of March ; 
but if after t!ie 13th of March, subtract the half lujiation 
before mentioned, with the anomalies, &c. and write 
down the respective remainders. 

In these a Iditions and subtractions, observe that 60 
seconds make a minute, 60 minutes make a degree, 30 
degrees make a sign, (tnd 12 signs a ciicie. 

Wnen the uumbcr of signs exceed 12 in addition, re« 
ject 12» and set down the remainder. 
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^ When the number of signs to *be subtracted is greater 
than the number you subtract from, add 12 signs to the 
minued, you will then have a remainder to st4 down. 

When the required new, or full Moon is in any month 
after March, write put as many lunations, with their 
anomalies, and the Sun^s cHstance from ihr Moon's as- 
cending node from Table 3d. as tljc given month is after 
March, setting them regularly below the numbers ta- 
^en out for March ; add all these together, and tli^y will 
give the mean tune of the required new> or full Moon, 
with the mean anomalies^^nd the Sun's mean distance 
from the Mbon's ascending node, which are the argu- 
ments for finding the proper e(^iiations. 

With the number of days of the sum; enter Table 4th 
iiTider the given month, and again^ that number, you 
have the day of lipvv, <Mr fiili Moon in the left hand col- 
umn ; which set before the hours, minutes and seconds 
already found. But, (as it will sometimes happen,) if 
the said number of days fall short of any in the column, 
under the given month ; add froia Table Sd, one lona* 
tion, with its anomalies, &c. to tbe aforesaid enm, and 
you will then have a new sum of days, wherewith to 
enter Table fourth, under the f^yen {iiontk, where you 
are sure to find it the second time, if the first fails. With 
the signs and degrees of the Sun's amnnaly, enter Table 
7th, and therewith take out the annual, or first equation, 
for reducing the mean \o the true syzyg} ^ faking care 
to make proportions in the Table for the odd minirtes 
of anomaly, as the Table gives the eqnmtioii only for 
whole degrees. 
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Observe in this and every other ca&e of finding €i|ui* 
tions, that if the signs be at the head of the Table, their 
degrees are at the left hand, and are reckoned down- 
wards. But if the signs lie at the foot of the Table, 
thvir d( grecs are at the right hand, and are counted up- 
wards ; (he equation being in the body of the Table, 
un<ier or over the signs, in a collateral line with the de- 
grees. The temis add, or vsubfract, at the head or the 
foot of the TaWes, where the signs are found, show 
whether the equation is to be added to the mean time 
of new or full Moon, or subtrttcted fronrit. In Table 
7th, the equation is to be subtracted, if the signs of the 
Sun's anomaly be found at the head of the Table; 'but 
it is to be added, if the signs be at the foot. 

With the signs and degrees of the Sun's anomaly, at 
the mean time of new or full Moon, enter Table 8th, 
and take out the equation of the Moon's mean anoma- 
ly, subtract this equation from her mean anomaly, if the 
signs of the Sim's anomaly be* at the head of the Table; 
but add it, if they be at the foot, the result will be the 
Moon'« equated anomaly. 

With the «igns and degrees of the Moon's equated 
anomaly, enter Table 9th, and lake out the second 
equation, for reducing the mean to the true time of new 
Moon, adding this equation, if the signs of the Moon's 
equated anomaly be at the head ol the Table ; but sub- 
tracting It, if they be at the foot, and the result will be 
the mean time of the new or full Moon, twice equated. 
Subtract the MotHi's equated anomaly from the Sun's 
mean aooaialy, and with the remaioder, in signs and 
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4e^ffes; enter Table tenth, and take out the third equa- 
tioQt applying it to the former equated tioip, as the titles 
add, or subtract direct, and the result will be the mean 
time of new, or full Moomthrice equated, Wiih the 
Sun's mean distance from the ascending node, enter 
Table Hth, and take out the equation answering to 
that argument ; adding it to, or subtracting it from, the 
thrice equated time, as the titles direct ^ to which apply 
the equation of natural days, from Table^lTth, subtract- 
ing it, if the clock be faster than the Sun, and adding it, 
if the Sun be faster than the clock, the result will be the 
true time of new or full Moon, and consequently of an 
EcUpse; agreeing with solar lime. 

The method of calculating an Eclipse, f»)r any given 
year, will be shown further on, and afe^v examples com- 
pared with the precepts, will render the whole work 
plain, and easily understood. 

The Tables begin the day at noon, and reckcm for- 
ward to the noon following. They are alsoealciiJated 
for the latitude and longitude of Washington, except- 
ing Table first, but ser% o for any place on the surface 
of the Globe, by subtracting four minutes for every de- 
gree that the place lies west of Washington, from the 
true solar time of conjunction or opposition, & adding 
four minutes to the true solar time for every degrre 
that the place lies eastward of Washington, if Table 
16th be used, and the same from London, if Table first 
be used, the result will be the true solar time of the new 
or (iill moon, & consequently of an eclipse corresponding 
with the place for which the calculations are made. 
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The year I9DD, will not be Leap- Year, the difFer- 
fnce then will be 13 days, between the Old and 
N^w Style. 
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A concise Equation Table, adapted to the second year •fter Leap- 
Year, within one minute of the truth, for every year,' (excepting ihe 
second) showing to the nearest full minute, how mucha Clock should be 
faster or slower than the Sun. 
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09»This Table it near eoough to the truth, fiir regulating^ common Clocks 
eai Wttc]Me»ttd wm ler tlwt pmpoee odciilited hj Blr. 
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EXAMPLE I. 



Required the true timeofnevir Mooon in July, 1832, 
and also whether there were an Eclipse of the Sun 
or not. 





Mean nei^ « 
* Moon. 

D H M s 1 


Sun's mean 
Anomaly. 


Moon's mean 
Anomaly. 


Sun's mean disti 


Mean new 

Moon in 

March 1832. 

5 lunations. 


from the Node. 


« D M S 


8 D M 8 


8 D M 8 


1 9 14 37^ 
147 15 40 15 


8 1 15 
4 25 31 37 
25 32 52 
6 13 55 6 


2 5 30 22 
4 9 5 2 


6 28 53 54 
5 3 21 10 


from Table 7 


149 54 52 
1 46 9 


6 14 35 24 

40 18 


2 14 04 

Argument 4th. 


time once eqHd. 

Sable 9d». 


26 Sa 8 48 
2. X2 8 


4 11 37 42 


6 13 55 6 




Arn^mxieat 2.lArgumenjt.3d. 




Table 10th. 


26 20 56 ^ 
3 38 






Table 11th. 


26 20 52 57 
49 






26 20 53 46 
6 




Eq'tn. ofthe 
Sun'8 centre. 




26 20 47 46 





Equal to the 27th day of July, 8 houn^ 47 minutes, and 46 seconds in 
Hm moni|||^, at Wabhivgtor ; the true time of new Moon. The Sun 
being then only two degrees and 14 mimitef from the Moon's Mcending 
Mdr, was coDfaqaantly aeliptad. 
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EXAMPLE II. 

Required the true time of new Moon in May, 1836, 
and whether there will be an EcHpse <Jf the «^un 
or not. 
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Equal to the 15th day of May, 9 hours, 8 minu%s 
and 18 seconds ; true time of new Moon at .Washing- 
ton. The Sun being then only 13 degrees and 48 
minutes from the Moon's Node, the Sun will conse- 
quentiy ke vii^bly eclipsed* 
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EXAMPLE m. 

Sl^qqired the true time of New Mood, in Decem- 
ber,^ the^y ear 1850; and whether there will be an 
Eclipse at that time or 90L 



« 


Meai New Moon 
Ja March, 1333. 


Sun's mean 
Anomaly. 


Moo^'8 mean Sim's moan 
Anomaly. J -distance from 
1 iLe Xoile. 




D U M S 


1*^ 


D M s 

"10" 31 11 
21 56 54 


8 


O M 


S ,» D 41 S 




12 16 57 57 

265 18 36 27 

3 11 3i 21 

1 68 3 


8 

8 


2 

7 
9 

9' 


2 33 
22 21 

25 

44 

24 15 


59 6 18 32 38 
49 6 2 6 




5 
9 


2 29 . 5 
24 15 25 


3'4 4 34 44 1 


:i» 


3 9 36 21 
9 11 13 


7 


8 12 40 


25| 








^ 




3 25 8 
2 54 




3 28 2 
1 27 




3 26 35 
9 42 




3 36 )7 












- 





True time of- new Moon in December, 1850, will 
be the 3d. 36m — 175, afternoon. The : un will then 
be more* than 56 degrees from the node, and conse- 
quently there can be no Echpse at that time. 



i"^ 



Digiti 



zed by Google, 



See. 15. 



Exampkf. 



209 



EXAMPLE I. « 

* • 

^ Beqttired the true time of full moon in July 1833, 
and whether cm* not there will be an eclipse flP' the 
moon, at that time. 



Mean new 
Moon m March 



D H. M. S. 



20 6 47 17 
38 14 12 9 

14 18 22 2 



1 15 2i 
1 



1 15 20 21 
7 42 8 



7 38 13 
8 89 



7 34 85 
16 



Sun's mean 
anomalj 

S D. M. "S, 



8 J8 23 d7 
2 27 18 58 
14 33 10 



U 15 35 
10 It 28 34 



i 18 47 



Moon'i mean 
anomaly 

S D. M. S. 



1 11 7 28 

2 17 27 ] 
§ 12 54 30 



Sun's mean 

distance from 

the node 

S D. M. S. 



10 11 28 59 
25 



\0^11 28 34 



8 
3 



7 
2 
16 


37 



20 


55 

42 

7 


il 


24 


58 


44 



T 7^34 19 
322 

T 7 87 41 in the afternoon* 



=rTo the first day of July, 18^ the true time of full 
mooa in the longitude of Washington, at 7 hours 37 
minutes and 41 seconds in the afternoon, the sun, be- 
ing then within five degrees at a mean rate from the 
Mocm'siMe, consequ^itly the Moon will thenbfc e> 
cUpsed. 
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Required the true time.of full Moon in April, in the 
year 1^36 at Rochester ; and also, whether there will 
be an eclipse of the Moon, or not. 

The true time of full Moon, in April, in the yea* 
1836, will Ije on the first day, 5 hours 19 minutes and 
63 seconds in the afternoon, in the longitude of Ro- 
chester ; the sun will then be more^ than 40 degrees 
from the Moon's node* and consequently there will 
be no eclipse on that day. 

EXAMPLE VIL 

lUquired the true time of full Mo^, in Spptember in Ibe year 1848, in 
ibe longitude of Utica ; and whether there will be an eclipse at that time. 



MeBntirae of full 
Moon in March 



II 11. 



Sun's m^an 
' anomaly. 



Moon's mean lSun*s mean dis- 
anomaly. distance from the 
' node. 



D, M. » |9 1>. M. ;3.i6 1>. 



<vi. 



4 lU 


36 


4'1 


8 2 


53 


7 


4 17 


13 


4g -> 


11 


<6 


53 


177 4 


i4 


n 


5 24 


37 


56 


5 4 


54 


3 6 


•4 


1 


i4 


14 18 


22 


2 


14 


33 


14- 


6 12 


54 


3C.I0 


:6 


ro 


7 





12 y 

3 


23 
67 


i, 2 12 4 iHi 4 

2] 4 3 32 301 


1 29 


'5IJ 


1 :^1 




12 5 
7 


25 
4rt 


f9 

4» 


10 8 31 43| 4 

Trot dme st Lyom. 
True time at Utica. 


a i»2 


30 






12 13 


14 
8 


3i 
46 






12 13 


18 


2^ 
5 


^ 




12 k'4 


16 

4 


30 
8 




'f 


ii 13 


22 
6 


38 






12 rs 


28 


;-8 





The Mqpo will be full in the year 1848, on the 13th day of September, at 
1 o»clock ond 18 minutes in the morning, in the longitude of Utica. the 
Sun, then will l^e only one degree and eeven nanutes from the Moon's node; 
the Mooa therefore, wUl be cclipicd at that 1 
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To calculate the true time of smy new, or full Moon, 
and consequently Eclipses, in any given year and 
month, between the commencement of the Christian 
Era, and that of the 18th Century, 
Find a year of the same number in the 18th Centu- 
ry, with that of the year in the proposed Century from 
Table First; an:l take out the mean lime of New 
Moon in March, Old Style, for that year ; with the 
mean anomalies of the Sun and Moon, and the Sun's 
mean distance from the node at that time, as before 
instructed. Take as many complete Centuries of 
years fn m Table Second as when subtracted from the 
year of the 18th Century, *the remainder will answer 
to the given year, with the anomalies, and Sufi's dis- 
tance from the node ; subtract these from those of the 
18th Century, and the remainder will be the mean 
time of new Moon in March, with the anomalies, ^c. 
for the proposed year ; then proceed, in all respects, 
for the true time of new or full Moon, as shown in the 
Precepts, or formic. Examples. 

If the day's annexed to these Centuries, exceed the 
number of daysfr omthe beginning of March, taken out 
in the 1 8th Century, subtract a lunation, and its anom- 
alies, ^c. ^ from Table 3d, to the time, and anoma- 
lies of new Moon in Mtirch, and then proceed as abo^^ 
stated — ^this circumstance happens in Example Fiflb* 
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Required the true time of New Mow im Jane* ia 
the year ni Christ, 3^ at the City of ^^uutsausm . 



BTTHE»SCNBrr8 


MeanN.MoQB 
ioMafilK 


Sun'amean 


MoQB'fl meaa 

A»OBld^. 


Sus'ameaa 

««ufrom 
the Node. 




» M U 9 


& M 1 
a D M • 


8 B M t 


• B ic a 


Inarch, 1726. 
Add one luB«tkm. 


18 54 2 

28 It 44 S 


8 11 i2 22 

29 6 19 


% 20 ^ 48 
26 48 


6 12 24 27 
1 8 40 14 


Last n. mooB,MarGh 1738 
Subtract 1700 yean. 


80 ■ 7 S* 5 
8 n U 26! 

2rT5 tt"4b 
88 14 U 8 


9 to 68 41 
8 19 68 48 


1 16 47 49 
1 22 90 37 


6 IS 34 41 
6 14 31 7 


mean n.moon March in 86 
Add threw hmalioiw. 


20 69 63 
2 27 18 66 


11 24 17 12 
2 17 27 1 


21 28 3 34 

t 2 4fi 


By Table Pourthss 


IM) 








Jane 


IS 6 88 49 
S M 4S 


3 18 1^ 60 
An^forLteat. 


2 11 44 1» 

1 80 64t 

Aff.2d..fNitioo.| 


3 1 4 16 






1^ 1 'd8 86 
8 24 14 


« 18 18 h 
2 10 18 19 


3 1 4 16 

JU«^«|t^n 


Third equation 


18 11 S 21 
. 2 64 


1 ft 6 '88 

A,f.9d.eqt»«. 


"■ 




18 11 28 
8 






True time of New Mom 
aiLoKDov 


18 11 24 
t » 




True time at Jervialem 


il8 18 20 24 





The tnie time of New Meoa m Juocr in the year of 
our Lord, 36, on the 19th day, at o&e hour, 20 mifiirtes 
and 24 seconds, in the morning. 

The mean distance of Hie Sim being 3 signs, 1 de^ 
gree, 4 minutes, and 16 seconds fr<Hn the MoonVi as- 
cending node, consequently there was no Eclipse 
at that time. 
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To calculate the true Hme of tf ew, w fall Moon, and 
also to koour wbetker tbere will be an Eelip^ at the 
ikau^ fai any giv^H year and month before the CThristian 
lE^. Findayearifi the Ifith Century from Table 1st. 
which being added to the given munfacr of years before 
C%rist diminished b) on^y shall make a number of com- 
plete Centuries. Find this number ^ Centuries tn Ta- 
ble second, and subtract the time, anomalies and dis- 
tances from the node belonging to it, from those of the 
mean new Moon in March, the above found year, in 
the 18th Century, and the remainder will d^»)te the 
time» and anomalies, &;c. of the mean new Moon in 
March, the gtrea year, before Christ, ; then for the true 
time thereof in any month of that year, proceed as be- 
fore directed. 
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EXA!«»LE V. 

Required the tro« time of new Moon in May, Old 
Siyle, the year beibre Christ, 586, ai ^^lexandrIa, m 
Egypt, The y^r 584, added to 1716, inake 2300, or 
23 Centuries 





Mean N. Moon 
m March. 


Sun's mean 
Aooonty. 


JV^oon'smean 
Anomaly. 


Snn*s Dieandis^ 
tance from (he 

Node. 


- 


]> ' H M B 


S D M 8 


s 


D M S 


S D M S 


MwCiHl7IA 

March, 2000 

Do. 360 


8 2« 50 3« 


4 


. 4 14 2 


4 27 W :« 


27 18 9 U 
IS Si 37 


8 50 G 

to S 




1 


15 42 
26 6 C 


6 «7 45 * 
i 28 22 V £ 


Subtract 1 liinatHHi.. 


40 18 62 5( 
«9 1« 44 S 


18 53 
29 6 1£ 


2 



1 48 
25 49 


8 26 07 C 
1 40 14 


New Mq««», 2300,.... 


11 5 58 5w 


1: 19 46 41 


I 


6 5» 


7. 25 26 46 


WhiciiBuffi. from 17 lb 
March, B.C. 585... 
Adds lunations 


a 11 94 » 
88 14 12 9 


9 3 03 58 
2 27 rS 58 


2 28 15 2 

|2 17 27 1 


9 ,1 5(9 19 
3 2 42 


New iVl jufl Marcji ooo 
First equation 


i8 1 46 4^ 
1 37 


22 6fij 

Ar0. Ist. eqt^n. 


5 15 42 3 3 .61 «t 

46 T 




i8 I 45 ^ 


22 66 
5 15 41 17 


5 16 41 - 17 

Ar2l,2d. eq'tn. 


S 61 01 


Second ♦•q".i»i'>n 


28 1 45 0^ 
2 15 1 


6 14 41 31^ 

Ar**t. Sd. eqt*n. 


5 


15 41 17 


3 51 1 


Third equation..;,. 


28 ''4 00 I 
1 9 


6 14 41 3^5 


15 41 17 


3 61 1 

Argt.4th.e<jt'D. 


Fourth equation 


'28 4 01 IS 
12 






Clock slower 

Time at London 

DitTerenre oflonzitude. 


28 4 1 3( 
S 




28 4 4 3C 
2 2 


' 


M*-: 


•28 6 6 30 




■ 











The true lime of new Moon at Alexandria in May, 
685 years before Christ, was on the 28th day, 6 liours, 
6 minutes and 30 seconds, afternoon. The Sun being 
then only three degrees and 51 minutes from the 
Moon's ascending node ; was consequently eclipsed. 

The above Eclipse was central, and total in North 
America at eleven o^clock in the morniog; it also pas- 
sed centrally over the south parts of France and Italt. 
The duration of total darkness being about 3 minutes. 
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EXAMPLE VUI. 



«16 



Krqnircd the true time of fiill Moon, at AT.i:\AN^fiiA 
in EJgypt, in September, (>W Style, in the year 20i be- 
fore flic Christian Era. 200 years added to 1800, 
make 2000, or 20 Centuries. 



In n. nioonb C.20i 



Bytiie Pkscb»t6 



March, 1803. 

Add 1 lunation. 

FrQ|^ the same, 

Subtract 2003 yr's. 



Mean n.Moon 
in Marcb^ 



13 a 22 

29 12 44 



Sun's mean 
Aftc^aly* 



Moon's mean 
Anomaly. • 



s D M s 



nTm, S€pt.b,C.2Ql 
A dtl I lun ation, 
fj«"nK)on SejK 201 
First equation. 
Time once eqt'd. 
Seisond equatiim 



Time twice eqt'd, 
Third equation.- 



true T.at London 



add for diff of lon^ 



Add S. Clock. 



True Time at 

Al^EXANDRIA. 



17 
^3 

I 42 13 06 20 
27 1 8 9 19 

14 18 a: 01 

17 7 4 24 18 
191::^= 

~7 23li i9 
14 18 22 2 



a 209 55 

29 6 1 9 
'9 22 2(5 14 
8 50 



Sun's dis.frm 

the Moon's 

ascnd'gnode 



s D M 



22 17 43 21 

3 52 6 
16 
4 



22 13 52 
8 25 



22 



5 26 11 

58 



22 5 25 13 

12 

22 5 25 1 



2 2 



22 



7 27 1 
7 33 



22 7 34 34 



9 l:i. 3ti 14 
5 24 37 56 



a 8 14 10 

14 33 10 



3'»47 20 
Arg. 1st. eqt. 

3 22"47~26 
10 4 19 65 



5 18 27 25 
Arg. 3d. eqt, 



10 7 62 86 
25 49 

U" 3 41 36 
15 42 

10 17 59 36 
5 4 54- 3 





3 22 53 31^ 
^ 12 54 30 

10 5 48 9 

1 Mu 


10 
Arg 

io" 


4 19 55 
\ 2d. e^it. 

4 19 55 



s 

iT 
1 


D i» 

40 


s 

14 

'38 


38 
24 





5 

a 


^4 38 

27 45 

6 53 

4 1 




11 10 55 
15 20 


2 
7 
9 


n 


26 15 


11 


26 15 


9 

-9 

qt. 


11 26 15 
Arg. 4th e 



The true time of full Moon, at Alexandria in Egypt 
in the year before Christ, 201, in September, was on the 
22d day, 7 hours, 34 minutes, and 34 seconds, the acta* 
al time of opposition. The Sun being within tluree de- 
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216 Blamqiki dnd frecqdt Ske. t& 

grees and 45 mimttes of die Moon'ii nscendlug node, 
consequtntly the Moon was vinUj ed^Med at tlwt tkne 
at Alexandria. 

To calculate the trae time of new or foil Moon, and 
Eclipses in any given year } and month after the 18tb 
Gentary. 

Find a jTear of the same number in the I8th centu- 
ry with that of the year prqK)6ed» and take out the 
mean time, and anomaliM 4rc of new moon in March, 
old style, from table first for that year. 

Take so muy years from tidble second, as wh^i 
'added to the dbore mentioned year in the 18th ceolury 
will answer to the given year in which the new^ or 
fall moon is requirec^ and take oiit the first new Moon 
with its anomalies Sec for these compile centuries. 
Add aH these together, and thai proceed as before 
directed, to reduce the mean to the true syzygy. it 
is however necessary to roneraber, to snbtra^ a ki«> 
nation with its anomalies, wb^ the above said addi* 
tion carries the new Moon beyond the 31st day of 
March,* as in the following example. 
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Excunpk$ and Pnc^^ 
EXAMPLE IX, 



il7 



Required the true time of New Moon in July, old 
style, 2180 at Washington. 



Four centuries added, to 1T80 malce SISO. 




New Moon 
in March 


Sun's mean 
anomalies 


Moon's mean 
anomalies. 


Sun's dis- 
tance from 
the node. 


By the precepts. 


D. H. M. 8 


8. D. M. 8. 


S. D. M. 8. 


8. D. M. 8. 


March 1780 
add 400 ycara 


23 23 1 44 
,17 8 43 29 


9 4 18 13 
13 24 


1 21 7 47 
10 1 28 


10 18 21 1 
6 17 49 


Subtract 1 hinaiion 


41 7 45 13 
29 12 44 3 


9 17 42 13 
29 6 19 


11 22 35 47 
25 "49 


5 6 10 1 

1 49 14 


Mean time new 
Moon "March ^180 
add 4 lunations 


11 19 1 10 
118 2 56 12 
129 


8 18 35 54 
3 26 25 17 


10 26 46 47 
3 13 16 2 


4 5 29 47 
4 2 40 56 


N. M. July 2180 
First equation 


7 21 57 22 
1 3 39 


15 1 11 
Arg. 1st eqt. 


2 10 2 49 
24 12 


8 8 10 43 


Time once equated 
Second equation 


7 20 53 43 
9 24 8 


15 1 11 
2 9 38 37 


2 9 38 37 
Arg. 2nd eqt 


8 8 10 43 
Arg. 4th eqt 


Third equation. 


8 6 17 51 
3 66 


10 5 22 34 
Arg. 3d eqt. 


•■p 


Fourth equation 


8 6 21 47 
1 8 






F. Clock 


8 6 22 55 
4 30 




T. time at London 
Difference of long. 


8 6 18 25 
5 8 




True time at Wash- 
in^on the present 
CapitoloftheU. S. 


8 1 10 25 




. 





The true of time New Mobn, old style, will then be 
on the 8th day of July, 1 hour 10 minutes and Sd sec^ 
onds after noon ; or the 22d day, at the same hour 
minute and second new style. 
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21S •' Examples and Precepts 

EXAMPLE IX. 



Sec. 15 



Required the Sun's true place, March 20tb, 1764 O. 
Style, at 22 hours, 30 minutes, 25 seconds past noon. 
In Common reckoning, March 21st, at 10 hours 30 min- 
utes and 25 seconds in the morning. 



To the Radical year after Christ, 1701 

Add comolete vean. •••• ••••..60 


S«n'8 Long. 


Son's Aomlj 


8 D M 8 


8 D M 8 


9 20 43 50 

27 12 
11 29 17 

1 28 9 11 
20 41 55 

54 13 

1 14 

1 


6 13 1 
11 29 26 

11 29 14 

1 28 9 

20 41 55 

54 13 

1 14 

1 


3 

March, 

Bissextile davs 20 


Hours, 22 

t Minutes, .i 30 

Seconds, 25 


Sun's mean nlace at the slven time. ...••.... 


10 14 36 
1 66 36 


9 1 2T23 


Add equation of the Sun's cefitre, from table 6, 


The Arem»nt 
with which 
enter table 6. 


Sun's true place, 


12 10 12 


That is Aries, 12deg'8. 10 minutes, 128ec'd8. 






1 
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Precepts and Exadple$. 
EXAMPLE XL 



•, -219 



Required the Sun's true place,October 23, O. Style, 
at 16 hours, 57 minutes past noon, in the 4008th year 
before Christ I. which was the 4007th year before the 
year of his birth, and the year of the Julian pei4od, 
706. This is supposed by some to be the very instant 
of the Creaticm. 



BY THE PRECEPTS. 


Sun's Long 


Sun's anomy 


8 D M s 


S D M s 


From the Radical number after Christ, 

Subtract for 5000 complete years, 


9 7 53 10 
1 7 46 40 


6 88 48 
10 13 25 


Remains for a new Radix, 


8 6 30 
6 48 
36 16 
5 26 
8 29 4 54 
22 40 12 
39 26 
2 20 


8 15 23 

11 21 37 

11 29 15 

11 29 15 

8 29 4 

22 40 12 

39 26 

2 20 


To which add • r 900 


Complete years, 5 80 

C 12 

October 


Days, 


Hours, 


Minutes, 


Sun'smeant^aceatthe ^vcntime, 

Subtract equation of the Sun's centre, 


6 3 4 
3 4 


5 28 33 58 


Argt. eqt'n. 
Sun^g centre 


Sun's true place at that time, 


6 


Which was just entering the Sign Libra. 
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220 C<me€ming Eelipse$ of the Sun and Moon. Sec. 15 
CMU^eming JEciipses of the Sun 4* Jtroam. 

To find the Sun^s true distance from the Moon's as- 
cending node, at the time of any given hew or full 
Moon, and consequent!} to know whether there be 
ifk Eplipse at that time or not. 
The Sun's mean distance from the Moon's ascending 
node, is the Argument for finding the Moon's fourth 
equation in the syzygies, and therefore it is taken into 
all the foregoing Examples, in finding the true times 
thereof Thus at the time of mean new Moon in Marcbi 
1764, Old Style, or April in {he new, the Sun's mean 
distance from the ascending node, is signs, 35 min* 
utes, 2 seconds. [See Tabic First.] The descending 
node is opposite to the ascending one, and .consequent- 
ly are exactly 6 signs distant from each other. When 
the Sun is within 17 degrees of either of the nodes at 
the time of new Moon ; he will be eclipsed at that time, 
as before stated, and at the time of full Moon, if the Sun 
be within 12tlegrees of either node, she will be eclipsed. 
Thus we find from Table First, that there was an 
Eclipse of the Sun, at the time of new Moon, April 
1st. at 30 minutes, 25 seconds after 10 in the morning 
at LoNDOi^, New Style, when the old is reduced to the 
new, and the mean time reduced to the true. 

It will be found by the Precepts, that the true time 

* of that new Moon is 50 minutes, 46 seconds later, than 

t>e meaq time, and therefore we must add the Sun's 

motion from the node during that interval to the above 

nean distance Os. 6d. 35n^2s. wh|f|h motion is found 
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Sec. 15 Elements far Solar Eclipses. 221 

in Tabic Twelfth, for 50 minutes and 46 seconds to be 
2 minutes, 12 seconds, and to this apply the equation 
of the Sun's mean distance from the node in Table 13th, 
which at the mean time of new Moon, April 1st. 1764, 
is 9 signs, 1 degree, 26 minutes, and 20«seconds^ and 
we shall have the Sun's true distance from the nocfe at 
the true time of new Moon, as follovi^ : 

Sun from node, 
s D M s 
At the mean time of N.Moon in April, 1764, 6 36 2 
Sun's motion from node for 60 minutes, 2 10 

For 46 seconds, 2 

Sun's mean dist from node at true N. Moon, 5 37 14 
Equation from mean dist from node, add, 2 6 
Sun's true dist. from the ascending node, 7 42 14 
Which being far within the above named limits of 17 
degrees, the Sun was at that time eclipsed. The nran- 
ner of projecting this or any other Eclipse, either of the 
Sun or Moon, will now be shown. ^ 
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SECTION SIXTEENTH. 





To PreieO; an Hclipne of the Sun. 

To project ian Eclipse of the Sun, we must from the 

Tables find the ten following Elements : 

1st The true time of conjunction of the Sun and 
Moon, and 

2d. The semi-diameter of the earth's disk, as seen 
ffom the Moon, at the true time of conjunction ; which 
is equal to the Moon's horizontal parallax. 

3d. The Sun's distance from the solstitial colure, to 
which he is then nearest. 

4th. The Sun's declination* 

5th. The angle of the Moon's visible path with the 
ecliptic. 

6th. The Moon's latitude. 

7th. The Moon's true horary motion from the Sun. 

8th. The Sun's semi-diameter, 

9th. The Mdbn's semi-diameter. 

10th, The semi-diamet^of theplnmb ra. 
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Sec. J 6 Elements far Protracting Solar Eclipses. 223 
EXAMPLE XII. 

Required the true time of New Moon at London, irf 
April, 1764, New Style, and also whether there were 
an Eclipse of the Sun or not at that time ,* and likewise 
the elements necessary for its protraction, if therp were 
at that time an Eclipse. 



By the Precepte. 


mean time of 

New MoA 

in March. 


Sun's mean 
anomaly. 


Moons mean 
anomaly. 


Sun's . mean 
dist'.fiom 
the node. 




D H M s 


8 D M s 


S D M s 


S D M S 


March 1764 * 
Add 1 lunation 


2 8 55 36 
29 12 44 3 


8 2 20 
29 6 19 


10 13 35 21 
25 49 


11 4 54 48 
1 40 14 


Mean New Moon 
First equation 


31 21 39 39 
4 10 40 


9 1 26 19 
Arglsteqt'n 


11 9 24 21 
1 34 57 


5 35 2 


Second equation. 


32 1 50 19 
3 24 49 


9 1 26 19 
11 10 59 18 


11 10 59 18 
Arg 2nd eqt' 




Third equation 


31 22 25 30 

4 37 


9 20 27 1 
Arg 3d eqt'n 


11 10 59 18 


5 35 2 

Arg 4th e(ii' 




31 22 30 7 
18 






Sun from 
node 


True New Moon 
Equation of days 


31 22 30 25 
3 48 






5 35 2 




31 22 26 35 









The true time is April 1st, 10 hours, 26 minutes, 35 
seconds in the morning, tabular time. The mean dis- 
tance of the Sun at that time, being only 5 degree;^, 35 
minutes and 2 seconds past the ascending node, tljk 
Sun was at that time eclipsed. Now proceed to find 
the elements, necessary for its protraction. The true 
time being found as above. 

To find the Mooa's horizontal paraflieix, or semi-di- 
ameter of the Earth^s disk %gi seen from the Moon. — 
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S24 DecHnation of Solar EcBpsei. Sec. 10 

Enter Table 15th with the signs and degrees of the 
JVIoon's anomaly, (ibaking proportion because the 
anomaly is in the Table calculated only to every 6th 
degree,) and from it take out the Moon's horizontal 
parallax, which for the above time is 54 minutes, and 
53 seconds, answering to the anomaly of lis. 9d. 
24m. 21 seconds. 

To find the Sun's distance from the nearest solstice, 
namely, the beginning of Canc«r, which is 3 signs, or 
90 degrees from the beginning of Aries. It appears 
from Example 1st. for calculating the Sun's true place, 
the calculation being made for the same time, that the 
Sun's longitude from the beginning of Aries, was then 
Os. 12d. 10m. 12 seconds, that is, the Sun's place was 
then in Aries, 12 degrees, 10m. 12 seconds, therefore 
from s ly M s 

3 
Subtract the Sun's longitude or place. 12 10 12 

Remains Sun's distance from the solstice, 2 17 49 48 
Which is equal to 77 degrees, 49. minutes, 48 seconds, 
each sign containing 30 degrees. 

To find the Sun's declination, enter Table 5th with 
the signs and degrees, of the Sun's true place, anomaly 
10s.€cl. and making proportions for the 10m. 12 sec- 
onds, take out the Sun's declination, answering to his 
true place, and it will be found to be 4 degrees,i^49 min- 
utes north. 

To find the Moon's latitude, this depends on her true 
distance from fatfr ascending node, which is the same as 
the Sun's true distance from it at the time of new Moon, 
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and is thereby fouud in Table 14lh. But we have al- 
reader {o\md, [see Example.] bjr calculation the Sun^s 
true place, that at the Irue time of new Moon in April, 
1764, the Sun^s equated distance from the node* was 
Os. 7d. 42ra. 14s. therefore enter Table 14th with the 
above equated distance, (making proportions for the 
minutes and seconds,) bfr true latitude will be found 
to be 40 minutes and 18 seconds north ascending. 

.To find the Moon'« horary motion from the Sun, 
with the Moon's anomaly, namely, lis. 9d. 24m. 21s. 
enter Table loth, and takeiout the Moon's horary mo- 
tion, which, by making proportions in thut Table, will 
be found 30 minutes, 22 seconds* 

Then with the Sun's anomaly, ntmely, 9^, Id. 26ni. 
19s. (in the present case,) take out his horary motion, 
2 minutes and 28 seconds from the same Table ; sub- 
tract the latter from the former, and the remcunder will 
be the Moon's horary motioo from the Sao ; namely, 27 
minytes and 54 se<;oods* 

To find the angle of the Moon's visible path with the 
ecliptic. This in the projection of Eclipses, may be al- 
ways rated at 6 degrees, and 35 minutes without any 
sensible error. * ♦ 

To find the semi-diameters of the Sun and Moon. 

These are found iu the same Table, [15] and by the 
same Argument, as their horary motions. In the pres- 
ent case, the Sun's anomaly gives his semi-diameter, 
16 miuutes, and 6 seconds, and the Moon's Anomaly 
gives her diameter 14m. and 27 seconds. 
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To find the scmi-diamoter ofttie penumbra. Ad4 the 
Sun's seuii-dtameter to tbe MoooV, and rheir sum \% itt 
.be the senii-diameler of the penutnbia ; equal to 31 
minutes aad 3 secondg. 

Collect these elements together, that they may the 
more readily be found when they are wanted in tbe 
construction of this Eclipse. Thus- - 

P H M S 

1st. The true time of new Moon in April, 1 10 30 25 

D M s 

2d. Semi-diameter of the Ec^l-th's disk, 54 53 

3d. Sun's distance from the nearest solistic, 77 49 48 

4th. Sun's declination north, 4 49 O 

5th. Moon's latitude, north ascending, 40 18 

6th. Moon's horary motion from the Sun^ 27 64 
7th. AngleofMoon'syisHitepath with ecliptic. 6 35 

8th. Sun's semi-diaffieter. 1i> 6 

9th. Moon's semi-diameter. 14-57 

lOtb. Semi-diameter of the pennmbra. SI 3 

To project an Eclipse of the Sun Geometrlcany :— 
Make a scale of any convenient length, A. C> and di- 
vide- it into as many equal parts, as the Earth's semi* 
disk contains miiuiteii of a degree; which, at the time 
of tlie Eclipse in April, 1764, was 54 minutes and 53 
seconds ; then with the whole length of the scale as a 
^ radius, descrtbe the semj-circle A. M. B. upon the cen- 
tre C. which semi*circte will represent the northern 
half of the Earth's cntigtitened disfc^ as seen from the 
Sun. 
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Upon the centre C. rises the Btraight line, Ch« per^ 
pendicular to the diameter, A. C. B. then will A. C. B., 
be a part of the ecliptic»^ and C. H. its axis. 

. JSeing provided with a good sector, open it to the ra 
dius C. A. in the line of Chords, and taking from thence 
the chord of 23 degrees and 23 minutes in your com- 
passes, set it off both ways from H. tog. fy g. to h. in 
the periphery of the semi-disk, and draw the straight 
line g. V. h. in which the north pole of the disk will 
be always found* 

When the Sun is in Aries, Taurus, Gemini, Cancer, 
L^o and Ylrgo, the nortlfpole of tiie Earth is enlight- 
ened by the Sun, but while the Sun is in the other six 
signs, the south pole is in the dark. 

When the Sun is in Capricorfi, Aquarius, Pisces, 
Aries, Taurus and Geoiioi, the northern half of the 
Earth's axis, C. XII. P. lies to the right hand of the 
axis of the ecliptic, as seen from the Sun ; and to the 
left hand, whilst the Sun is in the otlier 6 signs. 

Open ^ the sector, till the radms, [or distance of the 
two 90s] of the signg be equal to the length of Y. h. 
and take the sign (k the Sun's distance from the solis- 
tice 77 degrees, 49 mini|tes, and 48 seconds in your 



* To persons ac^ainted with Trigonometry^ the ang^e contained be- 
tween the Earth '8 axis, and that of the edipUo, xnaj be found more ac- 
curately by calculation. 

BU LE.^^As Radkn ii io (he tine of the Sun's distance from the sol- 
stice, so IS the tangent*of the distance of the poles, (23 degrees and ^ 
minutes,) to the tangent of the angle contained 1^ the axis. Then setbflT 
the chofd of the angte,Vrdm H. to h. «tod join C. H. mbkh will cat F. G. 
&i P. te pim •C«he Borth fw^. 
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compasses from the Kne of smes, and set off that dis- 
*tance from V. to P. in the line of g. V. h. because the 
Earth's axis lies to the right hand of the axis of the 
ecliptic in this case, [the Sun being in AriesJ and dr«w 
the straight line C. XIL P. for the Earth's axis, of 
If hich P. is the north pole. If the Earth's axis had 
Iain to the left hand from the axis of the ecliptic, the 
distance V. P. would have been set off* from V. 
towards g. 

To draw the parallel of latitude of any given place, 
as suppose ifbr LoifDOK in this case, or the path of that 
place on the Earth's enlightened disk, as seen from the 
Sun, from Sun-rise to Snn-set take the following 
method. 

Subtract the latitude of LON0OK in this case, 51 de- 
grees and 30 minutes,from 90 degrees, and the remain- 
der 38 degrees and 30 miriutes will be the co-latitude, 
which take in your compasses from the line of chords, 
making C. A, or C. B. the radius,- and set it from h. to 
the place where the Earth's axis meets the periphery 
of the disk to VI. and VI. and draw the occult or dot- 
ted line VI. K. VI. then from the points where this 
line meets the Earth's disk set off the chord of the 
Sun's declination, [4 degrees and 49 minutes,] to A. 
and F. and to E. and G. and connect these points by 
the two occult Imes. F. XII. G. and A. L. K 

Bisect L. K. XII. in K. and through the point K. 
draw the black lin^ VI. K. VI. then making C. B. the 
radius of a line of sines on the sector/ take the co -lati- 
tude of Loi^poN, (38 and | degrees,) from the sunes m 
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your compasses, and set it both ways from K- to VI. 
and VI. These hours will be just in the edge of the 
disk at the equinoxes, but at no other time in the whole 
year. With the extent K. VI. taken into your com- 
passes, set one foot in K. in the black line below the 
occult one as a centre, and with the other foot describe 
the semi-circle VI. 7. 8. 9. 10. &c. and divide it into 
12 equal parts ; then from these points of division,draw 
the occult 7. p. 8. 0. 9. n. parallel to the Earth's axis, 
C.XIL P. 

With the small extent K. XII. as a radius, describe 
the quadrantal arc XII. f. and divide it into six ^qual 
parts, as XII. a. a. b. be. cd. de. ef. and through the 
division points a. b. c. d. e. draw the occult hues VII. 
e. V. VIII. d. IV. IXC. III. X. b. II. and XL a. L all 
parallel to VI. K. VI. and meeting the former occult 
lines 7. p. 8. 0. §-c. in the points VII. VIII. IX. X. 
XI. V. IV. III. II. and I. which points will mark the 
several situations of Lojvdon on the Earth's disk at 
these hours respectively, as seen from the Sun, and the 
elliptic curve VI. VII. VIII. ^-c. being drawn through 
these points, will represent the parallel of latitude, or 
path of London on the disk as seen from the Sun from 
its rising to its setting. 

If the Sun's decliimtion had been south, the diurnal 
path of London would have been on the upper side of 
the line VI. K. VL and would have* touched the line 
D. L. E. in L. It is necessary to divide the hourly 
spaces into quarters, and if possible into minutes also. * 
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Make C. B. the radius of a line of chords on the sec* 
tor, and taking therefrom the chord of 5 degrees and 
35 -minutes, (the angle of the Moon's visible path with 
the ecliptic ;) set it off from H. to M. on the left hand 
of C. H. (tbfe axis of the ecliptic,) because the Mooa's 
latitude in this case is north ascending. Then draw 
C. M. for the axis of the Moon's orbit, and bisect the 
angle M. C. H. by the right line C. Z. If the Moon's 
latitude had been north descending, the axis of her or- 
bit would have been on the right hand from the axis 
of the ecliptic. 

The axis of the Moon's orbit lies the same way when 
her latitude is south ascending, as when it is north as- 
cending, and the same way when south descending, as 
when north deseeding. 

Take the Moon's latitude (40 minutes and 18 sec- 
onds,) from the scale C. A. in your compasses, and set 
it from i. to x. in the bissecting line C Z. noaking i. x. 
parallel to C. y. and through x. at right angles, to the 
Moon's orbit» (C. M.) draw the straight line N. w. x. 
y* s. for the path of the penumbra's centre over the 
Earth's disk: 

The point w. in the axis of the Moon's orbit, is, that, 
where the penumbra's centre approaches nearest to 
the centre of the Earth's disk, and consequently is the 
middle of the general £cltf)se« The point x. is where 
the conjunction of the Sun and Moon falls, according 
to equal time, as calculated by the Tablefs; and the 
point y. .is the ecltptical conjunction of the Sun and 
Moon. 
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Take the Moon's^rue horary motion from the Sun, 
(27 mintttes and 54 seconds,) in your compasses, from 
the scale C. A. (erery division of which is a minute of . 
a degree,) aUd with that extent, make marksalong the 
path of the penumbra's centre, end divide each space 
from mark to mark, into 60 equal parts, or% horary 
minutes by dots, and set the hours to every 60th min- 
ute in such manner, that the dot signifying the instant 
of new Moon by the Tables, may fall into the point x. 
halfway between the axis of the Moon's orbit, and the 
axis of the ediptic ; and then the remaining dots will 
be the points on the Earth's disk, where the penum- 
bi'a's centre* is at the instants denized. by them, in its 
transit over the Earth. 

Apply one side of jl square to the line of the pen um* 
bra's path, and mov« the square backwards and for- 
wards, until tha dther side of it cuts the iMime hour and 
minute, (as at m. and m*> b€^ in the path of the pe- 
numbra's centre, and the particular minute, or instant 
which the square cuts at the same tinae in both paths, 
will be the instant of the visible conjunction of the Sun 
and iVfoon, or the greatest obscuration of the Sun at 
the place for which the CiHistruction is made, (namely, 
LoNi>ON in this Examine,) and this instant is at 47 
minutes and 29 seconds past l& o'clock in the morning, 
which is 17 minutes, 5 seconds later than the tabular 
flme of true conjunction. 

Take the Sun's semi-diameter, (16 minutes and six 
seconds,) in your compasses, from the scale C, A. and 
setting one foot in the path of LaiiQois at nu xia. at 
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47 miniites and thirty seconds past 10, wiih the other 
foot describe the circle U. Y. which will represent the 
Sun's disk as seen from LoirooJBr at the greatest ob- 
scuration. ^ 

Then take the Moon's semi-dis^eter, fourteen min- 
utes and 61 seconds in your compasses from the same 
scale, and setting one foot in the path of the penumbra's 
centre at m. in the 47 and ^ minute after 10, with the 
other foot describe the circle T. Y. for the Moon's disk, 
as seen from Loitbon, at the tin^ when the Eclipse is 
at the greatest, and the portion of the Sun's disk, 
which is hidden^ or cut off by the disk of the Moon, 
will show the quantity of the Eclipse at that tinl^, 
which quantity may be measured on a line equal 
ta4he Sun's diameter, and divide it into 12 equal parts 
for digits, which, in this £xample,is nearly eleven digit$^. 
This fislipae was annulaar at Parish ^. 

Lastly, take the semirdiameter of the penumbra, 31 
minutes and 3 seconds from the scale A. C* in your 
compasses, and setting one ibot in the line of the penum- 
bra's path, on the left hand, from the axis of the ecHp- 
tic, direct the- other foot towards the path of Loj^don, 
and carry that extent backwards and forwards, until 
both the points of the compasses faH into the same in- 
stants in both the paths, and these instants will denote 
the time when the Eclipse begins at LoAT)Oir. Proceed 
ill the same manner on the right band of the axis of th« 
ecliptic, and where the points of the compasses fall into 
the same instants in both the paths, they will sha|¥ at 
what time the Eclipse ends at London, 
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Sec. 16 DeKfdaticn 0/ Solar EcHpsei. 235 

According to this construction, this Eclipse began 
at 20 minutes after 9 in the morning, at London, at the 
points N. and O. 47 minutes and 30 seconds after 10, 
at the points m. and m. for the time of the greatest job- ' 
scuration, and 18 minutes after 12, at R. and S. for the 
time when the Eclipse ends. 

In this construction, it is supposed that the angles 
under whiebthe Moon^s disk is seen during the whole 
time of the Eclipse, continues invariably the same, and 
that the Moon's motion is uniform, and rectilinear du- 
ring that time* But these suppositions do not exactly 
agree with the truth and therefore supposing the ele- 
ments given by the Tables to be accurate, yet the 
times and phases of the Eclipse deduced from its con- 
struction, will not answer to exactly what passes in the 
Heavens, but may be at least two or three minutes 
wrong, though the work may be done with the great- 
est care and attention. 

The paths also, of all placra of considerable latitudes 
are nearer the centre of the Earth's disk as seen from 
the Sun, than those constructions make them; be- 
cause the disk is projected as if the Earth were a per- 
fect sphere, although it is known to be a spheroid. 

The Moon's shadow will consequently go farther north- 
ward in all places erf northern latitude, and farther 
southward in all places of southern latitude, than can 
be shown by any prcsjectioii. 
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SECTION SEVENTEENTH. 



2%^ t^r Section of' Mmnar JEdipge*^ 



When the Moon is within 12 degrees of either of 
her nodes, at the time when she is fuU, she will be 
eclipsed, otherwise not, as before stated. 

Required the true time of full Moon^ at Lojimp^^in 
May, 1762, New Style, and also whether there were 
an Eclipse of the Moon ^t that time or not 

It will bo, found by the Precepts, that at the true 
time of full Moon in May, 1762, the Sun's mean dis- 
tance from the asceildi^g node iyas,onJy 4 degrees, 49 
minutes and 36 seconds^ and the Moon being then 6p- 
posite to the Sun, must have been Just as near her de- 
scending node, and was therefore eclipsed. The ele- 
ments far the construction of Lunar Eclipses are eight 
in number, as follows : 
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l9t, The true time of fall Moob. 

^d. Tte Mooq'3 horizontal parallax. 

3d. The Sun's semi-diaraeter. 

4th. The Moon's semi-diameter. 

5th. The semi-diameter of the Earth's shadow at 
th6 Moon. 

6th. The Moon's latitude. 

7th. The angle of the Moon's visible path with the 
ecliptic. 
" 8th. The Moon's true horary motion from the Sun. 

To find the true time of full Moon, proceed as di- 
rected in the Precepts, and the tra^ time of fuH Moon 
ia May, 17^, wiU he found oil the 8ih day, at dO min- 
ut€|$, and 50 seconds past 3 o'clock in the morning. 

To find the Moon's horizontal parallfix, enter Table 
15th with the Moon's mean anomaly, (at the time of 
the above full Moon,) namely, 98. 2d. 42m. 42 seconds, 
and with it take out her horizontal parallax, which, by 
making the requisite proportions will be found to be 
67 minutes and 28 seconds. 

To find the semi-diameters of the Sun and Moon, 
enter Table 16th, with their respective anomalies, the 
Sun's being 10s. 7d. 27m. 46 seconds, and the Moon's 
9s. 2d. 42m. 42 seconds, (in this case,) and with these 
take Out their respective semi-diameters, the Sun's 15 
minutes and 56 seconds, and the Moon's 15 minutes 
and 38 seconds. 

To find the setai-diameter of the Earth's shadow at 
the Moon, add the Sun's horizontal parallax, (which 
is always 9 seconds,) to the Moon's which in the pfesf 
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ent case is 57 minutes wd 23 seconds, the Sun will be 
57 minutes and 32 seccmds ; from which subtract the 
Sun's semi-diameter, 15 minutes and 56 seconds, and 
there will remain 41 minutes and 36 seconds for the 
semi-diameter of that part of the Earth's shadow^ 
which the Moon then passes through. 

To find the Moon's latitude. Find the Sun's true 
distance from the Moon's ascending node, (as already 
taught,) in the first Example for finding the Sun's true 
place, at the true time of full Moon, and this distance 
increased by 6 sigoB, wiB be the Moon's true distance 
.from the same node, and consequentiy the Argument 
for finding her true latitude. 

The Sun's mean distance from the ascending node 
was at the true time of full Moon, Os. 4d. 49m. 35 sec- 
onds; but it appears by the Example that the tru^ 
time thereof, was 6 hours, 33 minutes and 38. seconds 
sooner, than the mean time, and therefore we must 
subtract the Sun's nioticm from the node during this 
interval, from the above m^tn distance 0& 4d. 49oi4tnd 
35 sec(Hids, in order, to have his mean distance from 
the node, at the time of true full Moon. Then, to this 
apply the eqnation of his mean distance from the node, 
found in Table 13th, by his mean anomaly, 10s. 7d. 
27m. 45 seconds, and lasUy, add six signs, and the 
Moon's true distance from the ascending node, will be 
/ound as follows :: — 
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8 D M 8 

S»n from node at mean tii»e of full Moon, 4 49 35 

{6 hours, 15 35 
33 miiiutei^ 1 26 
38 seconds. 2 

Subtract the sum, ^ 1? 3 

Remains his mean dist. at true fuH Mo(»i» 4 ^ 32 

Equation of his mean distance, add, 1 38 

Sun's true distance from the node, 6 10 32 

Towhichadd, 6 

Moon's true distance from the node, 6 6 10 32 

And it is the argument used to find her true latitude at 
that time. TherdTore, with this Argument, enter Ta-. 
ble 14tb, making prq)ortions between the latitudes 
belonging to the Gth and 7th degree of the Argument 
for the 10 minutes, and 32 seconds, and it will give 32 
minutes and 21 seconds for the Moon's true latitude, 
which appears by the Table to be 8K>uth descending. 

To find the angle of the Moon's visible path with the 
ecliptic. This may be always stated at 5 degrees and 
85 minutes without any error of consequence, in the 
projection of either Solar or Lunar Eclipses. 

To find the Moon's true horary motion from the 
Sun. With their respective anomalies, take out their 
horary motions from Table 15th, and the Sun's horary 
motion, subtracted from the Moon's, leaves remaining 
the Moon's true horary motion from the Sun, in the 
present case, 30 minutes and 52 seconds. 

The above elements are collected for use. 
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B H M S 

1st. True time of F. Moon in May, 1 762 8 3 5a 150 

D 

2d- MooA's horizontal parallax, ^ 57 23 

3d. Sun'#s6mi^diameter, 15 56 

4th, Moon's semi-diameter, '15 38 

5thi e. diameter of Earth's shallow at Moon, 41 36 

6th. Moon's true Mt^uda south itescemlitig. 92 21 

7th. Angle of Moon's visilde path wkheclp tc 5 35 d 

8tii. Moon's true horary- motion from Sun, S0 62 

* These elements behig f6und for the construction of 

the Moon's Eclipse in May, 1762, proceed as follows : — 

Make a scale of any convenient length, as W. X. 

and divide it into 60 equal parts, each part standing for 

a minute of a degree. Draw the right line A. C. R 

for part of the ecliptic, and C A perpendicular thereto 

for the' southern part of its axis, (the Moon having 

south latitude,) --,.*. 

Add the semi-diameters of the Moon^ aiul Earth's 
shadow together, which in this case, niake 57 minute^ 
and 14 seconds; and take tljis from^ th^ spale, in your 
compasses, and setting one foot 4n^ the point C. as ^ 
centre, with the other describe the semi-circle S. D. B. 
in one point of which the Moon's centre will 1^ at thte 
beginning of the Eclipse, and the other at the end* 

Take the semi-diameter jo£ the E?trth's,sl»iulow, (41 
minutes and 36 seconds,^ in your i^onipa^ses from th# 
scale, and setting one foot ifi the i^e^t^B C. with .th« 
other descri]i>e t^ fiiei]g4?pirck;jp|^.:I^^ &r tbe^^fpfith- 
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em Mf^&e Euth't shadow, because the Ififbon's lat- 
ttttde ia ioi^ b tbii JBcKpw. 

NUbt C. D» eqnalto the radioacf ahae of ehordsoii 
the foeloF, and art otf the a&gle of the Moo&'s viaible 
prth with the ecfi^ic, (5 degraea and 35 minut^) 
firom D. to E. aod draw the r%fat line C. F. £. for the 
aoatfaern half ofthe axis of the Moon's orbit, lying to 
the light head fimn Uie axis of the eeliptic C. A. be^ 
eaaae the If eon's latitude ia south descending in this 
fichpae. tt woidd hare been the same way on the 
other side itf the ecHptic, if her latitude had been north 
deacendkig) hut contrary m both cases, if her latitude 
had been either north, or south ascending. 

Sisect tibe an^ A. C, E. by the right line C. g. in 
in which tiie trae equal tkne of oppositional^ the Sun 
and Mmn &&, aafonnd from <he TaUes. 

Tdce the Ifeen^s btitade, S3 nainutes and SI sec- 
onda, from the miie in yonr compasses, and set it from 
C. to 6. in iim hio^ C. G* g« and through the point 6; 
at right mglea to C. F. E. draw the right line P. H. G. 
F. N. for the path of the Moon's centre. Then F. 
fiAiall be ibe point in the Earth's shadow, where the 
MoMr'a ceiffitre »» at the mi^le of the Eclipse ; O. the 
point where her centre is at the tabular time of her 
b^ng full ; and H. the point where her centre is,at the 
mrtuit W her e^ptical oppoeStioi^* 

Take^ie Moon's horary motion from the Sun, (30 
nttnirtes and 6S Mcondf^) m jHKir compassrs from the 
scale W. X. and wiHi that extent, make marks along 
the line of the Moon'a path> P. Gk N* then cfiride each 
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space froi^tbark to mark, into 60 equal parts, or hora- 
ry minutes, and set the hours to the proper dots in (Mich 
q^anner, that the dots signirying the instant of ftiH M6^ 
namely ,(dO minutes and 50 seconds after 3 in^ the mor- 
ning,) may be In the point G. where the line ^f the 
Moon's path enters the line that directs the angle 
p. C. E. 

Take tke IMtaffn's semi«di^n)eter, 16 minutes and 98 
seponds in your compasses from the scale, and Wftii 
that extent, as a radius upoA the points N. F. and P. as 
centres, describe the circle Q. for the Meoo itt the be- 
^ginning of the Eclipse, whea she touches tbt^arth^ 
shadow at V, ; the circle R* for the IVftoon at the. mid- 
dle, and the circle S. for the Moo» at the ^endi^ the 
Eclipse, jusWeaving^e Earth's sbadowtit W. 

The point N. denotes the instaat when the^JESclipse 
begins, namely, at 15 minutes and lOsecontlsaft^rtwo 
in the morjiing. The point F. the middle of the EcUpse^ 
at 47 minutes and 45 seconds after ^fee» and the point 
P. the end of the Eclipse, at eighteen nttmites after five^ 
at the greatest obscuration, Ifee Moon wasi tea digits 
eclipsed. 

The Moon's diameter, (as wdl as4be Sun'is,) hms^ 
posed to be divided into 12 eqiial parts, (catted digits,)' 
and so many of these parts as* are darkened by the 
Earth's shadow, so raany 4igit& is the M^om eclipsed. 
All that the Moon is eclipsed above 12 digits, show bow 
far the shadpvv of the Earth is over ibe body of the 
' moon, on that edge, to whieb she is neare&t, at4be 
middle of the EclifNse,' ^ 
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!Ws ififlfeiritio observe exactty; either diei^ttrBln^ 
or ending ef a Lrunar JBcItpse, even with a gooJTele- 
acope ; because tile EaFth's shadow is so faint, and ill* 
defined tibont tl^ edges^ that when the Moon is eithAr 
jtist touching or leaving it, the obscuralSon (^ her limb 
is scarcely sensible, and thierefore the closest observers 
can hardly be certain to four or five seconds of time. • 
' But both the beginning ancl ending of So]%r EpUpseit 
are instantaneously visible, for the rnoment that the 
edge of the Moon's disk touches the Sun's, his rouhd- 
ness appears to b% broken on that part, and the.|noment 
she leaves it, he appears perfectly round again. 

Iri Astronomy, Eclipses of rlu? Moon ai'c of great use 
in ascertaining the periods of hrr motions, especially 
such Eclipses as are obsen-cd lo be alikejn all circum* 
stances, and have long intervals of time between them, 
^ l« Geogra'phy, the lc»«p;itMde of places are found by 
Eclipses. The Eclipses of the Moon are more useful 
for this purpose, thi%^^ .those of the* Sun 5 because tbey 
are more frequeutly viMble, and the same Lunar Eclipse 
is equally large, at all places where it is $e<en. 

In Chronology, both Solar and Lamar Eclipses serve 
to determine exactly the time of any past event ; for 
th<*re are so m^ny particular? observable in every 
Eclipse with respect to its qiianiity — the places where it 
is perceivable, (if of the Sun,) and the time of the day, 
or night, that it is impossible that there can b^^ two So- 
lar Eclipses in the course of many agos, which are alike 
in all drcumstances. From the preceding cjrplanatiita 
cftbe doctrine pfEdipseSy it it evident that the dark- 
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ocM «t file Cftvonnzrav of oar jEUTi^iift wm sot occ»- 
•ioned by tn EdipM of the Son. For he MiffiMed ok 
the day on wfaiehthoPAMorBft wucatCM by Um Jsngflif 
nftniely» the third doy of April, A. 0.39: aothatdayi 
it was hppoMifal^thot the M ooa*8 shadow ooidd fall ob 
thoEardi's. ikv the Jxwt kept th* F*fM>Tsa at tho 
time of fott MooQ ; nor does the darkness Wi toial £di|^ 
ses of the Son, last above fowr niniites ttoA six secoada 
in «oy ^ace ; whereas Ihe darkness at the-CaocsriXiOH 
lasted three hottn»,a>d o r c rnwre t d, atkaai, sJl the Land 
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SECTION EIGHTEENTH. 



0J^ TBiJE FIXEn ST^MS. 

The Stars nre saW to be fixed, because they have 
been getieralty observed to keep at the same distances 
from each other; their apparent diurnal. revolutions 
behig caused solely by the Earth^'s turning on its axis. 
They appear of a sensible magnitude to the eye, because 
the retina U affl*ctet!, not onl> by the raysof Kght which 
are remitted din ctly from them, but hy many thou- 
sands niore, wiiich, falling upon our eye-lids, and upon 
the aerial particles about us, are reflected into our eyes 
» Strongly, as to excite vibrations, not oiily in those 
points of the retina, where the real images of the stars 
are formed, but alst) in other points of some distance 
round. This mak( s us imagine the Stars to be much 
larger than th' y would appear, if wv saw them only 
by th.* few rnys which come directly from them, so as 
to enter our eyes, without being intermixed with oth- 
ers. Any person may be sensible of this, by loot^ing at 
« S^MT of the first magnicude, througJi a long, oarroir 
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tube> which, thongh it takes in as much of the sky ts 
wQpild hold a thousand such stars, yet scarcely renders 
that one visiUe. 

The more a tdescope magnifies, the less b die ap&r- 
ture throu^ whicb th# star is UWB ; and consequently 
the less number of rays it admits into the ey«. The 
stars appear less in a telescope which magnifies 200 
times, than they do to the naked eye ; insomiidi tiiat 
they seem to be only indivisibfo points ; it proves at 
once that Che stars are at immense distances from us, 
and that they shine by their own proper light. If they 
shone by reflection, th^ would be as invisible without 
telescopes, as the satellitei of Jupiter. TbesCrSat^ies 
appear larger when viewed with a good telesci^ie, dwt 
any of the fixed stars. 

The nnmber of stars discoverable in either henii^' 
sphere by the unaided sight, is^not above a thousand. 
This at first* may appear incredkable : because they 
seem to be almost innumerable, but the deeeptiun ari-' 
ses from our looking confusedly upon them without re- 
docii^ them to any order : look steadfii^y up<M)a hifge 
portion of the sky, and count the number of stars in it, 
and you will be surprised to find them so few. Coosid* 
er only bow seldom the Moon's passes between us and 
any star, (although there are as many about her path, 
as in any other parts of the Heavens;) and you will 
soon be convinced that the stars are much thinner sown, 
than you expected. The British citoli^gue, which, be- 
sides the stars visible to the naked eye, includes a great 
number which cannot be see% without the assistance 
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of a lelescopCy contains no moriethan three thoTisnnd in 
bath hemispheres. * ^ 

x\s we have incomparably more light from ihe Moon, 
than from all the stars together, it is the greate^n absurri- 
ity to imagine, fhat the stars were made fqj^ no other 
purpose than to casta faint light upon the eartii ; espe- 
cially, since many more require the assistance of a good 
telescope to find them out, than are vbible without that 
instrument. Qur Sun is sfcirrouiided by a system of plan- 
ets, and comets, all of which would be invisible from 
the nearest fixed star : And, from what we already know 
of the immense distance of the stai^, the nearest may be 
computed at S2 bilKohs of mites from us, which is far- 
ther than a cannon ball can fly in 7 millions of years, 
though it proceeded with the same velocity as at its first 
discharge. Hence it is easy to prove, that the Jiun, seen 
from such a distance would appear no larger than a star 
of the first magnitude. From the foregoing observations 
it isjiighly probable, that each star is the centre of a 
magnificent system of worlds, moviilg round it, though 
unseen by us, and are irradiated by its beams : espe- 
cially, as the doctrine of plurarity of worlds is rational, 
and 3;reatly manifests the power, wisdom and goodness 
of the great Creator. 

The stars^ on account of their apparently various 
magnitudes have been distributed into several classes, 
or orders. Those which appear largest are called stars 
of the first magnitude, the next to them in lustre, stars 
of th^ second majg^nitude, aiid so on to the sixth, which 
are the sciialiMt that are visible to the undided sight. — 
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This distributioiii having been made long before the in- 
▼Mdou of telescopes, the stars which camiot be seen 
i^^tpntthe assistance of these in^umentSt are distin- 
goished by the name of telescopic stats* 

The antTienrs divided the starry sjAeres into particu- 
lar constcIlaiionS) or systems of stars, according as they 
lay near each other, so as to occiipy those spaces which 
the figures of diflcrent sorts u( animals,, or things would 
take up, if they were there delineated. And those stars 
which couUi not be brought into any particular constel- 
lation, were called unformed stars. 

This division into difiTerent constellations or asterisms, 
serves to distinguish thcni from each otlier; so thdt any 
particular star may be readily found in the Heavens, by 
meansof a celestial globe, on which the constellations 
are so delineated, as to put the most remarkable stars 
into such parts of the figures, as are nM>^ easily dis^ 
tinguished. The number of ancient constellatiotts is 
43, and upon our present globes, about 70. There is 
also a division of the Heavens into three parts. First 
the Zodiac, signifying an animal, because most of the 
constellations in it, which are twelve in number, are 
the figures of aninaals, as Aries, the ram, Taurus, the 
bull, Gemini, the twins. Cancer, the crab, Leo, the lion. 
Virgo, the virgin^ Libra, the balance, Scorpio, the 
scorpion, Sagitarius, the archer, Capricornus, the goat, 
Aquarius, the water-bearer, and Pisces, the fishes. — - 
The Zodiac goes quite round the Heavens, it is about 
16 degrees Abroad, so that it takes in the orbits of the 
Mooo, and of ail the planetn^ (exceptiqg that of Pallas» 
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and the satellites of fiersoKei) Akmg the middle of 
this zone, or bel^ is the ecliptic, or circle'' whtcVi|e 
earth descrSEtes annually, as seen from the Sun,. and 
which the Sun appears to describe as seen firom the 
cfarth. Second. AH (bat region of the Heavens which 
is on the north side of the Zodiac, containing 21 con 
steHations : And, Third, that region on the south side 
of the Zodiac, containing 1 5 constellations. 

There is a remarkable track around the Heavens, 
called the Galaxy, or Milky Way 'from its peculiar 
whiteness* It was formerly thought to be owing to a 
vast number ^ Fery small stars, closely connected,and 
the obseryatioQ of Dr. Herschel have fully confirmed 
the opinion. He therefore considers the Galaxy as a 
very extensive branching congeries of many millions 
' of stars, which probably owes its origin to several re- 
markable large, as well as very closely scatterecl small 
stars, that Boay have drawn together the rest. 

ON GROUPS OF STARS. 

Groups of Stars, succeed to clustering Starsin Dr. 
HerschePs arrangement. A group is a collection of 
Stars, closely, and almbst equally compressed, and of 
any figure or outline. There is no particular conden- 
sation of the Stars to indicate the existence of a central 
force, and thegroups are sufficiently separated from 
aei^hboringStars, to show that they fornrpecuUar sys. 
terns of the£raws» 
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** ON CLUSTERS OF I^TABS. 

Dr. Herschal regards Clusters of Si;ars as the most 
magnificat objects id the Heavens. They differ from 
groups in their beautiful and artificial arrangement. — 
Their form is generally rounda and their oHidensption 
is such as to produce a mottled lu^e» somewhat re* 
sembling a nucleus. The whole appearance of a clus? 
ter indicates the existence of a central force, residing 
either in a central body* or in the centre of gravity of 
the whole system. 
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Interrogations for Section JEighteenth. 



What is a fixed Star 1 

Why do they appear of seiisible magfiitude to the 
eyel 

Do the Stars appear larger when viewed through a 
telescope^ thaji viewed with the eye only ? 

What does it prove 1 

Which appear the largest, the satellites of Jupiter, 
or the Stars, when viewed with a telescope ? 

About how many Stars in a c^ar night can be seen 
by the naked eye ? 

How many in the British catalogue 1 

Are some of that number telescopic ? 

Would the planets and comets of the Solar SyiStem 
be invisible from the nearest Star'1 

At how many miles distant may we with propriety, 
f appose the nearest fixed Star ? 
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HovrJoDgvirould a caonoD ball be in flying that dis- 
tance, supposing it should continue to move with the 
same velocity, a| at its first discharge ? 

Of what size would t||e Sun probably appear from 
the nearest fixed Star ? 

Is It not probable that every Star » the centre of a 
magnificent system 1 

On 'What accomit have they bera distributed into 
classes 1 

What are those called which appear largest % 
What are Cmstellaticms 1 

What is the use of dividing them into Constella* 
tions? « , 

How many Constellations on the celestial globes ? 

What is the Zodiac 1 

How many Constellations in the !&)diaa9 

What is the breadth of the Zodiac ? 

What the Galaxy, or Milky Way 1 

What is a Group of Stars ? 

What are Clusters of Stars 1 
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SECTION NINETEENTH. 



▲N ACOOimT^F THE ORSOOftTAK, OR NEW 8TTLE, TOOETllSa 

WITH SOME CHRONOLOGICAL PROBLEMS, F6R 

FINDING THE EPACT, GOLDEN NUMBER, 

DOMINICAL LETTER, kC* 



Pope Gregory Thirteenth, made a reftrmaiion 
of the calendar. The Julian calender, (or Old Style,) 
had before that time, been in general use all over 
Europe. The year, according to the Julian calendar^ 
consists of 36S days and 6 hours, which 6 hours being 
4 part of a day, the common years consis^ted of 365 
days : and every fourth year, one day was added to 
the month of February, whicft made each of those 
years consist of 366 days, commonly called leap years. 

This computation, (though near the truth,)* is more . 
than the Solar year, by 11 minutes and '3 seconds, 
which, in 1 3 1 years amounts to a whole day. Qy which 
the^Yernal Equinox was anticipated ten days from the 
time of the general council of Nice, held in the year 
325 of the Christian Era> to the time of Po[)e Gregory, 
' who therefore caused ten dgL^U to be taken out cf t^ 
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month of October,! 582, lo make the Equinox full on 
the 2ia^ of iUarch, as it di:l at the time of that ccuncii ; 
and to prevent the like variation for tlie future, he or- 
dered that three days should he abated in every four 
hundred years, by reducing the leap year at the clnse 
of each eentury, for three successive centiiries^ to 
common ysars, and retaining th<? leap year at the close 
of each fourth centOry only. This, at that time, was 
e?;teemed as exactly confortnahle to ther trtje soJar 
yo\r. Rut .since that time, the true solar year is found 
' • { >» i-t ()r3r5(layf5, 5 hours, 48 mi nut es and 49>sec- 
oi !s nhi.ii iu 5 J centuries %vill make m>other day's 

rf;oir|i(h2 Gregorian Csileodar, (or New Style,) 
hiJ loiiir ixjcn in use throughout the g;reatest |wart pf 
Europe, it did not take place in Grb^t! Britain «ipd 
America, till the first of JaniigLry, \l0%. pnd \$\ i^e^ 
ternber following, the II days were adjusl^d by (r'aUitif 
the third day of that month, the fourteenth, ^hd QO^tifif 
uing the rest in theif order. . ,. ' 

CHRONOLOGICAL PROBLEMS/ 

As there are three leap years to be abated in every 
four centuries, to find which eentury is to be leap year 
and which not. ^ 

iRuLE.— Cut off two cyphers, from the given y^^an, 
and divide the reniaining. figures by 4, if nothing* re- 
main, the year will be leap year. "* 

The year *^*-|nT there being a remainder of 3, it will ^ 
Aot be leap year. But tlie'yeaf ^^_^S^ will, \ , 
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To And the Dominical or Sunday Letter. 

Rfle. — ^To the giveayear, add its fourth part, rci^ 
jecting remainders, divide die sum by 7, and if thejge 
be no remainder, A is the Siiqiday letter ; but if any 
number remains, then the letter standing under that 
number, is the Dominical letter, and the.'dig^ of the 
week on which the year commences. 

A leap year has two Dominical letters, the first of 
which commences the year, and continues to the 24th 
of February, and the other to the end of the year. 

EXAMPLE. 

12 3 4 5 6 7 Required the Dominical letters 
^ for the years 1832. 



'§1 S-S s:sJ Days in a wee k 7)2290 
cgjIn^Hfe^ 327—1 



12/3466 The year 1832, was leap year, fy 
A G F E D C B according to the work, the re- 
mainder beintf 1, the first Sunday letter was A, and 
G was the sewnd,the year also commenced on Sunday. 
To find tlie Golden Nfnmber. 
Rule. — Add 1 to the given year, divide the sum by 
19, and the remainder w3l be the Golden Number : if 
liothmg remain, then 19 will be the number sought. 

Required the Golden Number for the year 1832, . 
To the given year , 1832 

Add . 1 

19)1833(96 
171 



123 
114 



Goldeh Nuinber, 9 
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Toflnd tlie E:paet. 
' Ri^E. — Subtract 1 from th^ Golden Number, divide 
tli^ remainder by 3, if 1 remain, add 10 to the dividend, 
the sum will be the Epact ; if nothing renotain, the divi- 
dend is the Epact. 

Required the Epact for the year 1832. The Goldea 
Number, as found above, is 9, therefore, subtract I, and 
the remainder is 8, divide 8 by 3, and the quotient is 
two, and 2 remains, multiply this remainder by 10, 
and the product is 20, to which add the dividend, and 
the sum is 29, the Epact for 1832. 

To find the year of tbe Dionysian Period. 
Rule. — Add to the given year 457, divide the sum 
by 532, and the remainder will be the number required. 
Required the year of the Dionysian Period, for the 
year 1832. To the given vear, 1832. 
Add 457 

532)2289(4 
2128 
161 =r]Mony sian Period. 

To find the Julian Period. 

Rule. — Add 4713 to the given year, and the sum 
v^^ill be the Julian Period. 

Required the Julian Period for the year of the 
Christian Era, 1832. 1832 

4713 

6545 year of the Julian period. 

*To find tbe Cycle of tl&e Sua, Golden Hmiiber, and indictlon^fbr any 
Ciurrcnt Teott** 

Rule. — To the current year add 4713, divide the 
sum by 28, 19, and 15, respectively, and the several 
rdfttainders v^^iii be the number^' required. If nothing 
remains, the divisors are the required numbers. 

* A Cycle is a perpetual you«l» or cifculatiofi of the same parts ot time 
of any sort. The Cycle of (he Sun, is a revqlution of 28 years, in which 
the days of the months return again to the same days of (he 
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Required the Cycle of the Sun, Grolden Number, ^ 
Indiction for the year 1832." 

1832 1332 1832 

4713 4713 * 4713 

28)6545(233 19)6545(344 15)6545(436 

56 57 60 

94 > 84 54 
84 76 45 

IBT" 85 95 

84 76 90 

21= Cycle of the Sun 9=Golden Number 5=lndiction. 
To And Oft -vrliat dajr Eaatcr -will happen* 

It was ordered by the Nicene Council, that Easter 
Sunday, should be kept on the first Sunday after the 
1st full Moon which happened upon,or after the twenty- 
first day of March, the day on which they thought the 
Vernal Equinox happened, though this was a mistake, 
for the vernal equinox that year fell on the 20th of 
March ; but yet, the full Moon which fell on, or next 
after the twenty-first of March, they called the 
Paschal, full Moon 5 and by the introduction of the 
Gregorian, or New Style, the equinox will now always 
happen on the twentieth, or twenty-first of March : and 
if the full Moon happen on a Sunday, Easter Day is to 
be the next Sunday after. Therefore, find the time of 
the next full Moon after the 21st. of March, ajnd the 
following Sunday is Easten 

of the week, the Sun's pla^e to the same signs and degrees of 
the -ecliptic, on the same months and da3is, so as not to difier one degree 
in an hundred years, and the leap years begin the same course over again, 
with respect to the days pf the \teek, on which the days*of the months fall. 
The Cycle of the Moon, (commonly caUed the Gdden Number,) k a 
revolution of 19 years, in which the conjuifctions, oppositions, and other 
aspects of the Moon* are within ah hour and ahalf, of being thesame fMJthey 
were, on the same days ofihe months 19 years before. The indiction is a* 
revolution of 1^ years, used only by the Romans, for indicating the iimes. 
of certain parents made by {he subjects of the Rspublic ; It was es-^ 
tab^sbdd by CoK#r awti wb/ A. D* 313. 
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TABULAR VIEW OF THE SOLAR STSTlSM. 



Names 




Mean ap- 


Mean apparent 


of the 


meters in 


ces from the rectmeui 


paeent di- 


diameter as seen 


Planeto. 


Miles. 


Sun in round distances^ 


ameters as 


from the Sun. 






numbers of 


that of the 


seen from 








Miles. 


earth being 

KXKKX) 


the eartfr. 












M 8 8d8. 




The Sun 


883,246 






32 1 30 




Meicuiy 


3,224 


37,000,000 


38,710 


10 


16 seconds. 


Vcnui 


7,687 


68,000,000 


72,333 


058 


30 


Earth 


7,912 


195,000,000 


100,000 




17,2 


Moon 


2,180 


95,000,000 


100,000 


31 8 


4,6 


Mars 


4,189 


144,000,000 


152,369 


27 


10 


Vesta 


238 


225,000,000 


237,300 


30 




Juno 


1,425 


252,000,000 


265,700 


3 




Ceres 


163,) 


263,000,000 


276,500 


1 , 
6,4 < 




Pallas 


80) 
20,99$ 


265,000,000 


279,100 


,5? 
6,55 




Jupiter 


89,170 


490,000,000 


520,279 


39 


87 


Saturn 


79,042 


900,000,000 


954,072 


18 


16 


Herschel 


35,112 


1,800,000,000 


1,908,352 


3 54 


4 



TABULAR yi£W OF THE SOLAR SYSTEM. 



NAMES 
OF THE 

Planets. 



Sun 

Mercury 

Venus 

Earth 

Moon 

Mars 

Vesta 

Juno 

Ceres 

Pallas 

Jupiter 

Saturn 

Herschel 



Tropical Revo- 
lutions. 



87 23 14 

224 16 41 

365 5 48 

686 22 18 

1155 4 
1588 
1681 

4330 14 39 

10746 19 16 

30637 4 



8 

"82 
27 
49 

27 



Sydereal Revo- 
lutions. 



Place of Aphe- 
lion in Jan. 1800 



H 



87 23 
224 16 
365 6 



15 

49 

9 



34 
10 
12 



686 23 30 35 



1703 16 

4332 14 

10759 1 

30737 18 



15 



48 

27 

51 





H 



14 20 50 

7 59 1 

8 40 12 

2 24 4 

9 42 53 
29 49 83 
25 57 15 

17 

11 8 20 

29 4 11 

16 30 31 
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TABULAR TIEW (»■ THE SOLAR 8TST£M: 





Names of 
the planets 


lyensi. 
ties that 
of water 
being 1, 


Diurnal rotations 

around thek own 

axis. 


Propor- 
tional 
^uattti> 
ties of 
matter. 


Inclinations 
of Axis to 
their orbits. 


Inclinations 

of orbits to 

the ecliptic 

in 1780. 




D H M S 




D M 


D M a 


The Sun. 
Mercury. 
Venus. 
Earth. 

Moon. 

Mars. 

Vesta. 

Juno. 

Geres. 

Pallas. 

Jupiter. 

Saturn. 

Herschel. 


1,133& 
9,1666 
5,7338 
4,5 

3,2857 

2 
2 

1,04166 

,406 

,•99 


25 14 8 

14 24 5 28 

23 20 54 

10 

29 ^7 44 3 
24 39 22 

27 probably 


9 55 37 
10 16 2 
unknown. 


33,3928 
0,1654 
0,8899 
1, 

0,025 
0,0875 

312,1 
97,76 
16,84 


82 44 
unknown. 
75 
66 32 

88 17 

59 22 

90 nearly. 

60 probably 


7 
323 35 


mean rate. 

5 9 3 

1 51 
7 8 46 

21 

10 37 
34 50 40 

1 18 56 

2 29 50 
46 20 



TABULAR VIF.W OP THC SOLAR SYSTEM. 



Names 

of the 

Planets. 


Motion of 
Aphelion 
inlOOyrs. 


Longitude of 

Ascnd'g. node 

in 1750. 


Motion of 
Nodes in 
100 years. 


Eccen- 
tricities, 
the mean 
dist'nces 
beior 
100000. 


Greatest 

equation- of 

centre. 


Sun 

Mercury 

Venus 

Earth 

Moon 

Mars 

Vesta 

Juno 
Ceres 

Pallaa 
Jupiter 
Saturn 
Herschel 


D M a 


8 


D M S 


D M 


6 




D M 


1 33 45 

1 21 

19 35 

1 51 40 

t 34 38 
1 50' 7 
1 29 2 


1 

2 

1 
ft 

4 
2 

2 

5 
2 
3 
2 


15 20 43 
14 26 18 

17 38 38 
13 1 
in 1804 
21 6 

20 58 401 
in 1802 1 

21 6 Of 
in 1804 J 

22 28 57 
7 55 32 

21 32 22 
12 47 


1 12 
51 

46 


10 
40 

40 


7955,4 
498 
1681,39 

14183,7 
9322 

25096 
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69th page, 3d line, read curvilinear instead of curvi- 
lineal. 

11 2th page, 16th line, read lotcest instead of least 

145th page, 2d line, read ten instead of sixteen. 

153d page, last line after shadow, read when the Moon 
passes by the node^ she takesj ^c. 

From page 224, to page 232, at the head of the pa- 
ges, read delineation instead of declination. 

247th page, 7th line, read emitted instead of remitted 

256th page, 1st line, rewi fcUl instead of full. 

Besides the above, there are a few Typographical 
ErrorSj which, however, are only the omission of a 
letter, and do not alter the sense. 
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